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FORWARD

Thi s document represents a final report to the Office of Naval

Research ‘on Task No. NR 064:554, the Displ ay of Complex Three Dimen-

sional Finite Element Models - Phase III. The main body of the report

is a discussion of the computer programs which have been developed dur-

ing Phase III. This material was prepared by Thomas W. Sederberg and

serves as his M. S. Thesis at Brigham Young University. The remain-

ing paragraphs in this forward discuss activities related to the con-

tract that are not discussed in the main body of Jie report.

p 
Distribution of MOVIE.BYU

This general purpose computer graphics software package (largely

p the result of efforts under Phases I and II of this contract), has now
p 

been distributed to approximately 160 organizations in the United States,

Canada, England, France, Germany, Norway, Israel , and Australi a. A

complete mailing list of those organizations is included as Appendix C.

Technical Presentations

Since the award of Phase III of this contract, technical pres-

entations featuring results obtained under this funding have been made

by Dr. Christiansen to the fol lowing groups. Of cQurse , travel funds

came from many sources and some of the presentations were on an informal

basis.

1. Envirotech Corporation (Winston-Salem , North .Carol.i na)

2. Waterways Experiment Station, Corps of Engineers (Vicksburg , Miss.)

3. University and College Designers Association ~ National Conference

(Provo, Utah) ..•
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4. Engineering Society of Detroit’s Thi rd Annual Computer Graphics

Conference (Detroit, Michigan)

5. Industrial Design Department, Center for Creative Studies (Detroit,

Michigan)

6. Computer Graphics Workshop, University of Arizona (Tucson, Arizona)

7. Graduate Seminar in Computer Science, Brigham Young University

p (Provo , Utah)
p 

8. 3rd Southwest Graduate Research Conference in Appl ied Mechanics,

University of Texas (Austin, Texas)

9. Department of Creative Arts, Purdue University (Lafayette, Indiana)
+ 

10. Raytheon Missile Systems (Bedford, Mass.)

11. Graphics Utah Style - 77 (Snowbird, Utah)

12. Symposium on Computer Methods in Engineering , University of Southern

California (Los Angeles, California)

13. Genisco Corporation (Irvine, Cal ifornia)

14. Tektronix Corporation (Wilsonville, Oregon)

15. Shell Development Co. (Houston, Texas)

16. Design and Drafting Seminar , Brigham Young University (Provo, Utah)

• 17. American Society of Mechanical Engineers, Annual Meeting (Atlanta,

Georgia)

18. Art Directors Club (Salt Lake Ci ty, Utah)

• Since the final report for Phase II , the following technical papers

have been published.

Christiansen , H. N., Brown, B. E., and McCleary, 1. E.., “A General Purpose

Computer Graphics Displ ay System for Finite Element Models,” 46th Shock

and Vibration Bulletin , Part 5, August 1976, pp. 61-66.

1~11



Christiansen, H. N., “Computer Graphics - Treatment for the Terminal

p Illness ,” Preprint 2765 - Development of Computational Methods in Str-

uctural Analysis and Design: Past, Present, an~ Future, ASCE, Philadelphia ,

PA, Sept. 1976, pp. VI 1-11.
p
p ChristIansen , H. N., “Computer Simulation of Distorted Structural

Frameworks,” Journal of Computers and Structures, Vol . 6, Dec. 1976,

pp. 497—501.
p
P Christiansen, H. N., and Stephenson , H. B., “MOVIE.BYU — A General

Purpose Computer Graphics Display System,” Proceedings of the Symposium

on Applications of Computer Methods in Engineering , USC, Aug. 1977.

Recently, three more technical papers (two covering aspects of

Phases I and II and other concerned with Phase III) have been written

and submitted for upcoming meetings.
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Chapter 1

INTRODUCTION

There has been a disparity between the conventional method

of describing topographic surfaces (i.e. contou r line definition )

and a format of surface description often used in continuous-line

computer graphics (i.e. panel definition). The two differ enough

that conversion from contours to panels is not a trivial problem.

A computer program that performs suci a conversion would greatly

facili tate continous tone display of topographica l surfaces , or

any other surface which is defined by contour lines.

1Thi s problem has been addressed by Keppel and alluded to by

Fuchs2. Keppel’ s is an h i ghly systematic approach in which he uses

graph theory to find the panel arrangement wh i ch maximizes the vol ume

enclosed by concave surfaces. Fuchs mentions an approach to the

problem as part of an algorithm to reconstruct a surface from data

o retrieved from a laser scan sensor.

Th i s thesis elabor ates on a genera l convers ion sys tem.

Follow in g a brief overview of computer graphics , a simple algoritm

p
Keppel , “Approximating Complex Surfaces by Triangulation

of Contour Lines ,” Journa l of Research and Deve l opment, IBM Vol. 19,
No. 1 (January 1975), 2-lI .

2Hen ry Fuchs , “The Automatic Sensing of 3-Dimensional Surfacep Points from Visual Scenes ” (unpublished PhD dissertation , Un ivers i ty
of Utah , 1975.)

I
p
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is described wh i ch extracts a panel defin ition from a pair of

adjacent contour loops subject to the restrict ion that the two loops

are similarly sized and shaped , and are mutually centered. Next , a

mapping procedure is described which greatly relaxes the above

restrictions. It is also shown that the conversion from contours to

panels is inherently amb i guol!s (to various degrees) and that occa-

sionally the amibiguity i; great enough to require user interaction

to guide the conversion algor ithm . An important complication add-

ressed in this thesis is the problem of handling cases where one

contour l oop branches into two or more (or vice versa).

Attention turns next to a contour line definition of the human

bra in , and special problems encountered in preparing those data for

continuous tone display. The final chapters explain the fortran

imp l ementation , present an example problem , and show sample pictures

of the brai n par ts.

t



Chapter 2

AN OVERV IEW OF COMPUTER GRAP HICS

The pas t decade has seen fan tas t ic adva nces in the f ie ld of

computer graphics. Today, it is a shel tered person who is not

familiar wi th some form of computer graphics , be it Snoopy cale ndars

or computer ping—pong on one end of the spectrum , or sophis t ica ted

airline pilo t training simulators on the other end . Display mediums

used In graphics are very diverse , and incl ude ras ter sca n cathode

ray tubes , cathode ray storage tubes , conventional line printers ,

plotting machines , and film recorders , Perhaps the most life—like

pic tures are con tin uous tone images p roduced on ras ter scan ca thode

ray tubes.

Cont inuous tone dis p lay require s the capabi l i ty of defini ng

the lig ht intensity of each p ixel of a scan line - TV style. There

are typically 512 scan lines per picture with 512 pixels per line ,

and 256 levels of light intensity for each pixel . For a color

Image , each pixe l must know the l i ght intensity for each of the

three primary colors. Given the inten si ty informa t ion , a picture

ca n be ‘painted ’ pixe l by pixel , scan line by scan l ine.

Whereas the display itself is strictly a hardware problem ,

the softwa re problem Is chiefly this: Wha t intensity should each

of the 250,000 odd pixels have in order to create the desired

pictu re? The preced i ng ques t ion assumes a microscopic perspec t ive ,

whereas the actual software development proceeds at a macroscopic

4 
3
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level. The overall software problem divides itself into severa l

major sub-prob l ems, such as spatial orientation (translation and

rotation of the object), perspective , hidden surface remova l , and

reflec tivity. This brief overv i ew omits discussion of the solution

to these problems , but the reader is referred to a samplin g of

li terature addressing these problems .1 ’2’3

One point must be made here , however. Continuous tone

graphics concerns itself with surfaces - specifically surfaces of

mathematica l models, Consequently, only surface definitions , as

opposed to line or point definitions , can be used as input data.

One way to defi ne an arbitrary surface is to approximate it as a

network of discrete polygonal elements (triangles and quadrilaterals)

which are def i ned first by vertices in 3-D space, and further by a

connecting perimeter. Such a definition will herafter be referred

as a panel def in i t ion .

The continuou s tone pictures in this thesis were photographed

off a Comtal Image Generator , The display files were generated using

MOVIE.BYU — a powerful graphics package written by Dr. Christ iansen

1Henry Fl. Chr i st ia n se n , “Appl i cation s of Continuous Tone
Computer-Generated Images in Structura l Mechanics ,” Structural
Mechanics Computer Prog rams - Surveys, Assessments , and Availability,
University Press of V irgi nia , Charlottesvi lle , Virg in ia , June 1974,

p pp. 1003-1015.

2
Henry N. Christiansen , “MOVIE.BYU - A Genera l Purpose

Computer Graphics Display System ,” Proceed i ngs of the Sympos i um on
Applications of Computer Methods In Eng ineering, UniversTty of

p S uthern ca l ifornia , Los Angeles , August i~ /7T

3Wili lam M. Newman and Robert F. Sproul l , Principles of
Interactive Computer Graphics (New York: McGraw-Hill , 1973)

p
P 
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(of Bri gham Young University) and Dr. Stephenson (now at the Univer-

I sity of Arizona). This thesis focuses on generating panel def initi on s
p

from contour data in a format compatible with the requ i rements of

MOVIE. BYU

I

p

I
I
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Chapter 3

CO~4VERTING CONTOURS I NTO PANELS

A LIMITED TR IANGULAT ION ALGORITHM

A contour line can be viewed mathematically as the inter-

section of an arbitrary surface and a plane. In topography , the

pla ne is aenerally horizontal at a specified elevation. If the

surface is closed , its contour lines will likewise be closed loops.

A set of contour lines on evenly spaced parall el planes comprise

a contour definition of a surface.

Contour lines of an irregular surface, such as found in

nature , do not l end themselves to curve fitting, or other attempts

at precise mathema tical description. The most convenient numerica l

descri ption of a contour line is perhaps one where the line is

app roxima ted as a stri ng of s t rai ght line ~egments. This di gi tized

contour line offers two pieces of information : nodal coord i nates , and

connectivity of nodes. Connectivity is implied by the sequence in

wh i ch the nodes are listed.

Triangulatio n - the process whereby a panel definition of

tria ngular panels is extracted from a contour definition — is

greatly facili tated by observing the connectivity inherent in cont-

our data. That connectivity leads us to explicitly note an obvious

rule in triangula tion : If two nodes of the same contour are to be

defined as nodes of the same triangle , they mus t nei ghbor each

other on their contour line.

6
I
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Also , no wore than two vertices of any triangle may be
p

recruited from the same contour line (except , of course , in the spe-

cial case where the entire area enclosed by that contour is to be

capped off).

Tri angulat ion is most log ically carried on between pairs of

adjacent contour ? Fnes , Consider this pair of contour loops I

(top) and B (bottom).

— 6t

lot

5$
lit

12$ 4$
lOb

13$ lib 9b

It t

12b 
2t

lb
13

2b lb
15b 

lb 4b
16b

lb lb

Figure 1

Contour Pair Prior To Triangulation

Two requirements must be met before triangulation commences.

Firs t , both loops must run In the same rotational direction , and

second , the first nodes of eac h l oop must be proxima te. Both rules

are met by these loops, and they are ready for tria ngulation .

Perhaps at this point discussion might best center on the

fi nished product.

P
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I ~~~~~~~~~~~6t
lot

lit St

121/t I / \I _~~~ !~~~_~ /L
/ ,q ‘~J / ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ / ~~~~~~~

~~~~~~~~~~~~~~~~~~~~
I/I / W~~~~ 1~~— - ~~~~~~~~~~~~~~~~~~ / II
f~~~fr~~~~

2b / 1\
13t, lb

1 4 /

Sb lb

Figure 2

Trian gula ted Contour Pair

Observe in fi gure 2 the triangulated contou r pair. If one

were to ask oneself “How could a computer algorithm be taught to do

this?” , a few ideas would assert themselves. First , each contour

segment can be considered to be the base of a triang le , with the third

ver tex being a node from the other contour. Secondly, each tr ia ngl e

appears to be as fat as possible. That is , the third vertex is

always very near ts counterparts on the other contour line.

Wi th these ideas in mind , consider again the untr iangu lated

loops. Referring to fi gure 3, tria ngulation commences by defining

diagon al it-lb. Since contour connectivity requires lt-2t and lb-2b

as bases of triangles , there are exactl y two cand idates for the f i rs t

triangle: lt-lb-2t , and lt—Jb-2b. Glancing back at the solution ,

pP
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9$ 
~~~~~~~~~~~~~~~~~~ 

~~

~~~~~~~~~~6t
lot

ti t St

121 
.~-__.~~~~~~~~~~~~ _-___.- 341

.4 105
13$ 1$b lb

1$ 31
12b .

~ 
2t

135 ‘ ,
/ lb

. 4 ,
‘.4

~~~~

15b 2b lb

lb 4b
15b

Sb lb

Figure 3

Commencing Triangulation

It is seen that lt-lb-2b was selectech Moving on, once again

there are exactly two possibi l i ties  for the second triangle:

lt—2b-2t , and lt—2b- 3b. This time , triangle lt— 2b—2t is selected .

Notice tha t in each case , there are only two triangles to decide

between , and that the triangle with the shortest diagonal is chosen.

This procedure continues until both loops have been traversed ,

This ‘shortest diago nal” algori thm is very easily implemen-

ted , and works fine as long as the two loops are mutually centered

and are of reasonably si milar size and shape.

MAPP ING

The basic “shortest diagonal” algorithm fails for mildly

complex cases. A typica l example Is found In this pair of offset

contours.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Fi gure 4

Fail ure Example

Here , the shortest diagonal search results in a cone.

Rather than abandon i ng the algorithm , let ’s consider modify ing
.4 

the contou r loops to make them more acceptable. As mentioned ,

the algor i thm prefers contour pairs to be mutually centered , of

similar s ize , and of similar shape. The first two requirements

can be met by mapping the loops onto a unit square prior to

triangu lation . (Mapping also t~nds to make the shapes more un i-

form, though not always enough. This problem is addressed In

the next section.)

L . .~~~~~~~ -~~~~~~~~~-- —~~-- .- .- --—-.~~ .—- - -  . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Mapping Is easily done using translation and scaling func-

tions. Each contour is mapped consecutivel y In the following

manner:

1. Define the rectangular window which encloses the contour.

—
~~~~~~~x

X mIn A m.,

Figure 5

Window Parameters

2. Ca 1cu late AX ,i~ Y , X , and Y.

3. Map onto a unit square centered at (0,0) by translating

and scaling the contour such that Its window matches the unit square ’s

window. The equations for this are:

x’= (x-~) /~x

Y’= (Y-V)/ L~Y
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The mapped contour pai r looks like this:

— 

~~~Botto m Loo p

(0. 0)

Figure 6

Mapped Contour Pair

With both contours thus mapped , they are easily hand l ed by

the ori gina l algorithm .

A fringe benefit of mapping is that the resulting triangl es

tend to al i gn themselves with diagonals that are biased in the

directio n of the offset. This creates a des i rable longitudinal

texture.

ULTIMATE AMBIGUITY

A set of contour lines contains the following mathematical
p

Information:

p

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -. -~~~
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1. Exact coordinates of some points on the surface.

2. Approximate gradients in the X-Y contour plane.

3. A genera l idea of the range of possible Z-gradients .

A panel defi nition contains Items I and 2 and improves on

i tem 3 by p inning down approx i mate Z components of surface gradients.

Consequent ly, there Is a degree of ambiguity inherent in the tri-

angulation problem,

When two loops are sim ilarly shaped , the ambi guity is

negli gible , To illus trate , consider these two solutions of the

same triangulation problem;

Figure 7

Synon imous Triangulation Interpretations

Si nce these two solutions are different , one of them is

probabl y a more exact approximation of the actual surface. But ,

since the true surface gradients are not available for comparison ,

and since the two solutions are so similar , either solu tion is

probably adequate. After all , contour lines form a skeletal

t 
framework tha t cast rather rig idly the shape of the 

surface.I



,— -- - - .  . — . . - .- -.
~~~~~

----- -
~~~~~~~

- ,-- — I
p

l~f

However , as the respective shapes of a contour pair become

P increasingly divergen t , the ambiguity becomes increasingly pro—

nc..,,p~~d. The following convolution provides a good example~

Figu re 9

Non—Synonimous Trian gulation Interpretation s

Here , the variation in interpretation is not as tolerable.

Both solutions are reasonable , yet one is wrong . Clear ly, more

informa tion is requ i red to resolve this problem.

There are two ways to provide the needed information . Firs t ,

one could require the contour planes to be close enough together

tha t there is m inima l variation between adjacen t contou r lines.

This approach has the advantage of tending towards an exact descrip-

t ion , ar.~ the disadva ntage of being uneconomical.

The second approach (adopted in this thesis by default) is

to request user interaction to guide the triangulation over cases 

~~ ..-
, -.— .~~~~ --~~~~~~~~~ -- 
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of excessive ambiguity. This is a more genera l solution to the

problem . Here, the user is called upon to resolve the ambiguity with

his knowledge of the true shape of the surface. For the mechanics

of how this is impl emented in the computer program , refer to the

user documentation and the example problem.

BRANCHING

An important feature of this algorithm is the capability to

handle branching. Consider this simple case where one contour loop

branches into two : -

Fi g u re  9

Simple Case of Branching

One way to handle this is to respectivel y treat each contour

as if I t were alone , neglecting the other branch. The resulting

triangulation would appear. like this:

-

~

- . .

~

— -

~

-.-— - . .
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Figure 10

Uneconom ical Handling of Branching

Garbl ed as it looks , hidden su rface elim inat i on clea ns it

up, and provides a smooth transi t ion between bra nches.

Fi gure 11

Preceding View Wi th Hidden Surface Elimination . 

.~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~



t
p

17

Drawbacks are that it is uneconomica l , and it is unaccept-

able in even mildly complex branchin g si tuat ions .

A more econom i cal , and more general , approach to branching

is outlined in this thesis. The i dea is to treat all branches as

one continuous closed loop by introduc i ng a new node midway between

the closest nodes on the branches and renumbering the nodes of the

branches and the new node(s) such that they can be considered as

being one loop. The Z coordinate of the new node is the average of

the Z coordinate of the two l evels involved.

Pla n

Elevation

Fi gure 12

Preferred Handling of Branching

_ _  _ __ _ _ _
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As seen from fIgure 12. the new node and i ts immediate

neighbors are numbered twice to give the effect of one continuous

l oop. Triangulation can now proceed as normal, The scheme is

eas ily expanded to handle more than one branch.

Often , there are several contour loops on adjacent planes ,

posi ng the problem of loop connectivity. Wh ich l oops should be

tr iangulated one-on-one, and which are cases of branching?

Judgment, in clear cut cases, can be made on the basis of window

overlap.

r i 
—

~~

II B2—1

Figure 13

Typical Prob l em in Connectivity

Here, T1 
and clearly go together, and B

2 
clearly branches

into T
2 

and T
3
. Window overlap Is best found by default: IF they

don ’t not overlap , they overlap. 

-.~~~~~~ 
.- - .-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- -~~~~~~~~~~~ --- ~~~~~~~~~ 

j . . .



p

19

TYmaz~~~~
... - ___________________

~~ml A 

TY mi., —
BX m.,

TX m,n

Figure 14

Overlap Test

The rec tangu lar wi ndows def in itel y do not ove r lap if:

TV < B Y . ormax m m

T Y . > B Y  ornun max

TX < B X . ormax m m
TX . > BX
m m max

On the other hand, if al l  four inequali t ies are fa ls e, the

wi ndows necessarily overlap.

The al gorithm works well for mildly complex cases , wi th

optional user interaction capabilities to handle complex branch-

ings.



-~~~~~~~~~~ -- -~~~~~~~~

p
p

Chapte r 4

BRAIN CONTOUR DATA

OR IGLN AND DESCRIPTION

The bra i n data to be used for example purposes in this

thesis has an interesting history . in 1967, the first of severa l

movies was made of a human brain at the Un i versity of California

at San Diego. Using the process of cinemorphology, an entire human

bra i n was placed In a microtome capable of shaving off a slice 25

microns thick. After each slice , a frame of movie film was shot.

The entire brain was sliced through, wi th each successive newly

exposed surface recorded on film. Every nth frame of the movie

was exploded photograph i cally and outlines traced of each dis tinct

brain structure. Figure 15 shows a cortex contour. in all , 22

separate structures were recorded . The contour outl ines were laid

on an acoustic tablet and a graduate student (of courses) selected

appropriate nodes wi th the acoustic pen . The nodes were then

digitized and recorded .

This digitized data base was accessed by a line drawing

graphics package which can produce real time line drawing movies

(In color!) on an Evans and Sutherland Picture System.

Each contour plane is referred to as a “page”, and there

are 9C pages total , rang ing from page 3 at the top of the cortex

to page 100 at the bottom of the bra in stem. The data base is

20
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Fi gure 15

Contour Line of Brain Cortex

mass ive 
~
- totaling 78 ,651 nodes. Table 1 shows the number of nodes

per struc ture , as well as their page lImi ts. Pages are spdced

approx imately 1/2 5” apart , corresponding to a brain that is roughly

4” tall. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table 1

INDEX TO BRAI N DATA

STRUCTURE PAGES NODES

I Cortex 3 7 8  52 ,870

2 Caudate 30-61 1 ,922

3 Ventricles 30-84 4,707

4 Fornix 35 57 1,081

5 Putamen 37-54 1 ,075

6 Thal amus 38-58 1 ,248

7 Corpus Ca l losurn 41 — m 6

8 Globus Pa) l id us 43-52 725

9 Hippocampus 47-a 1,576

iO Iiypottm 1~rnus 50-61 400

11 Pinea l Dody 51—55 92

12 Suhthalunic Nucleus 50-56 142

13 Red ;4ucletis 52-60 238

14 Bra i n Stern 54—100 1 ,960

15 Amygdala 55-63 395

16 Substantia Nigra 56-62 243

17 Cerebellum 59-99 6,800

18 Optic Chiasrn 60-62 78

39 lianvnll lary B~dIcs 57—59 87

20 Mesopallium 19-69 2,385

21 Ilamm illothal a mic Tract 43—56 303

22 Sept uri 42—49 289
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BRAIN DATA FORMAT TRANSMUTAT I ON

The brain contour data arrived at BYU on magnetic tape as

l6bit integers in binary format. The data are grouped into 22

structures, which i n turn are divided into segments. A segment

Is a string of contour points and a contour line is formed from

one or several segments. Segments represent portions of surfaces

which are shared by two structures. Hence, a contour line tha t

is composed of say 5 segments is bordered by 5 neighbors.

Segment definition , which was i nitially imposed on the data

to facilitate line drawing display , somewhat hampers triangula tion

because all contours must be reconstructed from their constituent

segments before triangulation can commence. The problem is aggra-

vated because the segments are randomly sequenced and , furthermo re,

no convention is observed in clockwise and counterc l ockwise ordering

of nodes.

Segment definition is illustrated by this typical confi gura-

tion where 3 closed contour loops are defined by 6 segments:

/~~~~~~~~~
9ure 16

~~
‘ !,, Segment Defin ition •,

I
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Notat ion wise , Pnj is the first node of segment n and Pn2 the last

P node of segment n. The transmutation algorithm beg ins by assi gning

segment I to loop 1. A search is made for the nearest neighbor of

P12 wh i ch Is P51, and segment 5 is appended to segment I. Next ,

the nearest neighbor of p52 is sought. Its nearest nei ghbor

~~S P32. This indicates tha t segment 3 is sequenced in an order

contrary to that of segments 1 and 5. Consequently, segment 3 is

joined to loop I in reverse order. Since P31 neighbors P~1, the

loop is complete. A flag is set for loops 1, 3 and 5 preventing

future assignment. This log ic repeats unti l all segments are joined

to a loop.

It is important to impose the convention that loops run

uniformly in a clockwise (or counter-clockwise) direction . To

enforce this convention , all nodal angles of a contour line are

summed for monitoring in the following manner :

Fi gure 17

Determining Direction of Rotation
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Theta is the angle by which each succedent vector deviates from a

straight line. The sum of all such angles will be 360 degrees for

count erclockwise sequenc ing and -360 degrees for clockwise. Theta

is compu ted from vector cross and dot products.

si nO

+ +
A.BcosO -
~~~~~

-

sin
1
(sin0) cos0>O.

0 s in 1 (si no)+ 90 : cosO<O and sj nO>O ,
sin~~ (si n0)-9O , cosO<O and sinO<O .

In a few i nstances , the bra in da ta inval i da tes this approach by having

a contour line cross Itself lik e this:

Figure 18

Brain Contour Error

This error causes a figure 8 whIch results In EO approaching 0. Often,

this causes a viola tion of the rotation convention .

- -  ~~~ ~~~-~~~~~~~~ . --——~~~~~~~~~~~~~ . .—~~~~~~~~~~~~-~~~~ • --~~~- - ~~~~~ -—~~~~~~~~~~~
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Chapter 5

ECONO MIZING

NODE ELIMINATI ON

If a data base is too refined (i.e. contains nodes you could

do wi thout) it is desirable for reasons of economy to eliminate the

less essential nodes. Consider this node:

Fi gure 19

Node Elimination Parameters

The node is accepted (or rejected ) upon the foJ lowing

criteria:

rej ec t accep t rejec t
node node node

Figure 20

Node Reduction Flow Chart

26
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S . , S and 0 are user definable parameters. Every node is
m m max mm

scree ned usi ng this log ic. To assure acceptance of every node, all

three parameters may be se t to zero .

This is~ a logical place to interject a few thoughts on

i nterpolation of new nodes . Since a digitized contour line is an

approximation comprised of a series of straight line segments , it is

reasonable to assume , and impor tant to prescribe , that nodes are

selected such that the digi tized approximation does not deviate

intolerably from the actua l contour line. This would imply a

correlation between noda l density and contour line curvature. That

correlation suggests tha t it is desirable to re—dist ribute nodes

around the contour loop according to a curvature vs. node density

function using curve fitting procedures. This is an appealing thought ,

since I t would reduce angularity in the continuous tone display.

This would be great , provided the ac tual surf ace is n ’t angu lar. Of

course, however, that assumpt i on is not always val id. Take, for

example , a sim ple four node contour definition of a square. if

curve fitting were Imposed In an attempt to extrapolate extra nodes ,

the resul t would tend towards a circle. Angularity is reduced at the

expense of accuracy. In conclusion , the burden of providing acceptable

data rests with the person who actual ly does the di g i t iz ing .

QUADRILATERAL FORMATION

.ar economy of storage , It s desirable to join pairs of

adjacent triangles together Into quadrilate rals. Not all ajoining

triangles are thus comb i ned . The decision Is made on the basis of

how ‘rped the resultiny quadrilatera l would be, that is , the angle 
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• by which the two triangles are out of plane. That angle is easi ly

found using vector algebra .

Fi gure 21

Warp Angle Determinatio n

sin~~ CI?
~~~1 2

If sin cz.<sin a , the two tr iangles are redefined as a
max

quadrilateral. a max Is user definable and defaults to 45 degrees.

H ~~ . - .  ~~~~~~~~~~~~~~~ —~~~~~~~~~~~~~~~~~~~~~~~~~~~_
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Cha pter 6

FORTRAN IMPL IMENTAT ION

A few explanatory remarks are offered here to the reader who

is bent on deciphering the source code.

As mentioned , the brain data arrived at Brigham Young

University in the form of 16 bit integers on tape in binary format.

To facilitate use on the DEC-10 computer , these data were re-formatted

into 7 bit ASCI I  data f i les , one f i le  for each of the 22 structures ,

wi th 8 integers per line. The first two integers of a file comprise

the “structur e heading ”, the first integer being the structure number,

and the second be i ng the number of segments in the structure . These

two I ntegers are ignored by the triangulation prog ram.

The next four integers form the segment header of the firs t

segment. The first integer of the segment header is the page number

or horizontal l evel of the segment. Th~ page numbers range from

-3 to -99. The Z coordinate of the segment is computed from the

formula RZ=— (Z+51)~de5O*SCALt where RZ is the Z coordinate , Z is the

page number , and SCALE is the scale factor. The second and third

intege rs In the segment header are i gnored . The fourth integer , NPL ,

Is the number of nodes in the segment.

Immedia tely following the segment header are the X-Y

coordi nates of the segment nodes , totalling NPL pairs. The next

segment header immed i atel y follows the last node of the preced i ng

segment, so there is an uninte rruptedstring of integers from start to

29
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finis h in the data file. Nodes of all segments of the same page are

stored in array P2. The segments are joined together to create

closed loops (as described in chapter 4) and ~
t.ored in array P3.

Node el i mi na t ion is im posed , and the nodes are finally stored for

tr ia ngula t ion in array P.

Two pointers are used in accessing the nodes in array P.

The Loop Pointer - LPP - indexes the global loop numbe rs of the

firs t loop on any contou r level. Pointer P1 addresses the g lobal

node number of the f i rs t node on a loop . For examp le , the X

th .th thcoord i nate of the n node of the j  loop on the k contour

level would be:

P((Pi (LPP(k)+(j—1))+n—1)) ,i)

Know ing these conven t ions , the fortran coding should

be relativ ely lucid. The coding, wri tten for use on a DEC-10

system , is given in . the appendix. An additional assembly language

Tek tron ix interf ace , GRTEK.REL , mu s t also be loaded.
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Chapter 7

EXAMPLE PROBLEM

A sim ple yet dramatic example of branching is provided by

the caudates - the symmetric pair of brain structure s shown below.

Fi gure 22

Cauda tes

Triangulation of the caudates occurred as follows. User

statements in the computer dialogue have been underlined to distin-

guish them from computer generated prompts. Refering to fi gu re 23

the computer beg ins by aski ng if the data it is about to read is

brain data. It is , and the caudate data file name , B2 , is g iven.

Next , the menu of commands is printed , of which PARAMENTERS is

31

_ _ _ _ _ _ _  
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1:RAIH DAT 1f?_.~~
$ FILENAME OF INPUT DATA? J1~..

READ> HELP

PFiF:AFIETEF:S, TOTALS~ LE’.••’EL’ SC:ALE, E:~IT
J~:i~Ar~C:H, r~iFI~1I_IAL, i::Lci~;E, riEu I l::E, KLCn::I(HISE

READ>....E..

IIIN IMUM SEGMENT ANGLE 15

NIH. ~ MA:~. SEGMENT LENGTHS: - .3.2

• S.r5c.H 1/

Z—SPACINC .....L
LE’SJEL RAHGE= 1~ 50

DATA ENDED AFTER LEUEL 32
~F~ANCH >~ HELP

A!..ITOMATIC, I~1F~RP~ IIANLIFI1_ , J:NSPECT, SINCLE,.CAP~ E•~IT~ TOTF~LS
ERAt {CH> .....I.. .

955 NODES 1 EI_EMEI •iiS
r:~ Fit~f:H> A

S1ART WITH WHICH LEUEL? 1

POST-EDIT?j~

Fi gure 23

Computer Dialogue

selected . We opt to set the minimum segment angle to 15 degrees , S .

to .3 and S~~ to 2. (These parameters are explained on page 26) .

Having returned to the READ> prompt, we now choose to r ead i n the

da ta , being satisfied with the default values for SCALE , CLOSE , and

KLOCKWISE. Af ter setting the LEVEL parameters , the computer goes to

work reading In contour segments , reconstructing them Into loops,

thinning them out , and assuring that all l oops run In a clockwise 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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direc t ion . The algorithm encounters end of file before 60 l evels are

read in , and informs us that all 32 available l evels have been read in

and processed. The TOTALS command receives the response that there

are 955 nodes in array P. whi ch means that over half of the avai lable

1922 nodes have been thinned out by the node elimination algor ithm .

The Cauda tes are quite regular , r equ i r i ng l i tt l e or no

Interact ion to trian gulate properly, so the AUTOMATIC opt ion is

Invoked beginning , as usual , wi th l evel 1. As a safeguard , post—

edi ting is requested . If the data were unquestionably obed ient , the

post-edit ing could jus t if iab ly  be c i rc umvented , but t h i s  way good

results are guaranteed .

The al gorithm now proceeds to first determine connectivity,

then to triangulate all loops implicated in the the window overlap

con nec t i v i ty check , and finally to display the resulting panel

definition . The user g lances at each successive displa y and grants

acceptance with a carriage return , or o c c a s s f o n a l ly  rej ects the

triangulation , as the case may be. (Usually i t is immediate ly clear

when triangulation is unacceptable. Normally , f a i l u r e  occurs i n

areas where the two loops are excessively diss imi lar , and the resul ting

panels are often bizzare).

Two of severa l simple one-on-one triangu lations are shown

in figures 25 and 26 , each of which is accepted . However, the

branch ing loops in figure 27 are triangulated incorrectly, and a

change is requested . This change Is granted through erasure of the

screen , re-drawing of the untr iangu lated loops, and Issuing of the

TRIANGULATE’ prompt. The INTERACTIVE command is given . As always ,

t

_ _ _  _ _  _ _ _ _ _ _ _ _ _
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• onl y the first letter of the command is requ i red . Referring to

figure 28 the nodes are numbered for identificat ion - even for the

top loop and odd for the bottom .

The INTERACTIVE command allows the triangulation to be

contro lled by allow i ng specification of noda l delimiters between

which tr iangu lat ion w i l l  occur. For examp le , if the del imiteres 1 ,1

for the top and 1 ,2 for the bottom were chosen , onl y one triangle

would be formed. Basically the selection of delimiters is a t rial

and error process. The user delimits as large a span as reasonable.

If the resulting triangulation is adequate , great~ If not , try again

• with a smaller span. A general rule mi ght be to procede quickly over

sect ions where the two contours are similar , and cautiously over

sections where they are dissimilar.

b

I

Fi gure 24

P Continuous Tone Rendering
of Caudates 

.— --— .~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Ref e r r i n g  to f i gure 26, the triangulation was successful

through node 17 of the bottom loop , but then failed to traverse the

branch properly. This suggests the selection of delimiters 1 ,28

for the top and 1 ,17 for the bottom . The resulting triangu lation

shown i n f i gure 28 looks good . Now, one more span (top:28,33 ; and

bot tom:~ 7,2O) should suffice , a nd f i gure 29 conf i rms the hope. Now

that  the ent i re  c i r c uit is comp le te, AUTOMATIC mode is re—entered and

triangulation proceeds smoothly to the conclusion . Upon exiting from

the program , the panel definition is written into a d i sk  file ,

ava i lable for display using MOVIE.BYU. A continuou s tone image

created by that panel definition is shown in figure 2L~.
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Cha pter 8

PICTURES

This chapter presents examples of the finished product. It

is difficul t to judge how true to life the images are , due to the

highly esoteric nature of the subject matter. Nonetheless , it is

generally evident that the triangulation al gorithm has performed

reasonably.

The firs t structure presented is the Brain Stem. The Brain

Stem was a straighforward trian gulation problem. There are no

branches , and there is no sreious variation in the shape of its

respective contours. The only difficulty was a case of i l l e a g l e

rotat ional d i rec tion , as desc ribed on page 25. Other than that ,

the entire triangulation was handled automatically. Two panel

defini tions were generated for the brain stem. The first file

was made w i t h  S . S 0 . 0, Z~SPACING 1 , and LEVEL RANGE =5,36.m m max m m
The resulting panel definition had 1609 nodes and 1991 panels.

The second brai n stem panel defin ition has 378 nodes and 492 panels.

It was generated wi th S . =.2, S =1 , 0 . =15, Z-SPACING =4 , andm m max m m

LEVEL RANGE =5, 40. Line drawings are shown in figures 30 and 31 ,

and continuous tone images in fi gures 31+ and 35.

The next pair of images , f i g u res 36 and 37 are de ta i l ed

studies  of the thala mus. Here , Li loops branch Into 2, then 2 into 1.

Fi gure 37 has a more biological look due to Gouraud smooth surface

simu lat ion.

41
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Fig ure 38 is a striking composition of 6 different struc-

tures, each in prope r relative orientation. The sructures are i denti-

fied in figure 32 and figure 33 shows a line drawing. To enable

so many par ts, the larger structures have coarser panel definitions.

All of the preceding examp l es were tr angulated with virtua lly

no user interaction . The cortex slice , in  f i gure 39 was not so

oblidgin g. This image is presented to demonstrate the degree of

complexity the algorithm can accornodate. To help orient the reader ,

t h i s  i mage repr esents about a ~~~~
‘ thick slice of the cortex , centered

abou t ~~“ from the top of the brain. The many oddly shaped holes are

due to the fact that the top most convolutions are decap itated in

this view. This panel definition - shown here with smooth shading -
consists of 1752 nodes with 1778 panels. This particular data did

not cooperate with the automatic al gori thm , and required nearly 2

hours t ime to in terac t i v e l y  tr i an gu la te. The d i f f i c u l ty was not

so much the complexity of the shapes , but the dissimilarity between

adjacent contours . Also , the data had a dispropor t ionate number of

glitches. Nonetheless , the continuous tone image is quite convincing.

One final image is the panoramic shot of Mt. Timpanogos as

It mi ght be seen from an airplane flying to the west of Timp .

This is submitted to illustrate a possible application of triangul ation

to display of topographic surfaces.
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Sub thalamic
Nucleus

Hypothalamus

Putamen

Red Nucleus

Pinea l Body

Thalarius

Fi gure 32

Label led Composite View

L~. .~~~~~ .. . ~~~~~~~~~~~~~~~~~ . 
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Fi gure 33

Composi te V i ew
Line Drawing
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Fi gure 34 Figure 35

• Brain Stem with Brain Stem with
1991 Panels 1+92 Panels

p Fi gure 36 F i gure 37

Tha l amus with Tha l amus with
Flat Shading Smooth Shading

p

P
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Figure 38 Figure 39

P Composite View Cortex Slice 

Fi gure 40

Mount Timpanogos - Flat Shading

Fi gure 1+1

Mount Timpanogos - Smooth Shad i ng 
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Chapter 9

CONCLUSIONS

This  thesis pu rpor ts to present a general solu t ion to the

prob l em of converting a contour defin ition of an arbitrary surface

in to a panel defi nition . That assertion is rigorously tested by

the brain data , and experience with that hi ghly complex data base

lends credence to the claim of a genera l solution . Total user

interaction capabilities virtually gaurantee a genera l algorithm.

Work mi ght be done on red uc in g the amoun t of user dependence

in the a lgo r i thm , though most reasonable cases require no interaction

at all. Al so, i t wou ld  be hel p f u l  to imp rove g raph ica l  i n teract ion

by u s i n g ,  for example , a tablet to input interaction parameters.

Study mi ght also be made on how the economy pa rameters (S . , Sm m n max
0 . , and a ) effect the continuous tone i mage.m m max

V

48 . 1
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A P P E N D I X  A

COrIPUTER PRO~miAr1

COMP.CN,C,P~L( 2 ) . L PS T N (2 . 5 ) . N P T , %J ,n Z . Ia D , T E K T ,PE,
I FV (1 0 0 , 0).PI (Ion),T ~~Ir.IPL (2 .s,1O ). P4 IPL (s),1 PL1 .~~PM *x.T P_(a~ 20oo)
CO P~MC k/P ~C)DE/ P) t I 1 O O . 3 ) , P 3 C I 1 O O , 3 )
CO~.S*C I~,T E k / X U 6 P  • Y~~* W .SF , P( 2000. 3).! Y02
1’~T E G E ’~ L PP(U0).~~I.~~!I~~T ,N PI (5), t~PIC(5), t ’PLAC2, 5)
1’~TEG!P ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
RE A L EUI ) .10t8)
L O G I C A L  FLAG (UC ) .CLfl5E.D A TA F ,TE K T ,BD,Ch ,PE
1’~TFGfR ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
DA TA S*S .S ,*jhI ,SPA XI, I.*’.G,D7.SCB LE / .3,.01,1 .,.7. .‘~5,.0001/
DAT A 7S,KP ,L,D F .LIC. PPsI.~~P 1 ,TZ P/ I.O ,1,2,I,0,1 ,0/
0*1* ~..Lb ,P~LP ,~.L V , t~P ,L T C I), PI (1),1 Y02 /O ,O ,O ,O .O ,l ,O/
D A T A  IPP(1). IPL I,’~P ’-A x /1, 1,2/
D ATA 1E KT .cLoSE ,cATA F .ED,C ~ /.IpuE .,.TwuE ...TpL!E .. .TRUE,, .TRUE;i
D A TA  N J PL / 1 , O ,D, 0,0/
IP I  (1. 1. 1):!
SfrT (D2*SM !PJT),a2.
S$VAX:COZ* SMAX T) .*2 .

C Ih PUT SPECS
TY PE I
F o p u A l c a  b R A IN D A TA? ‘.S)
AC CE PT IO ,AN S
IF( *PS .EO .’Y’)&O TO 2
B 0 .FALSE.
S*S:O.
SNT N&0.
SMAX:t0
SCALE :1.

2 tYPE 3
3 F~~RMA t ( ’  FILENA ME OF IKPUT D A T A ?  ‘.5)

ACCEPT 0 ,1NA ~ E
FO~J u* T ( A 5 )
O P E N  (UNI7:2 1,FILE~~INA m.F)

C . I N I T IA L I Z E  OISIC
I~EA ’)(2I,5 )A,P,IZI .
B A C K S P A C E  21

5 FO PuA T( 5G)
C A CCE PT R E A D CCK~ A NDS

60 10 6
o TYPF 7.N LA
7 FOP P ’A TC ’ LAST LE V EL WAS ‘.12 )
• TY PE 9
9 FO PM *T(’ PE*D~ ‘.5)

ACC E PT IO .RC
1 0 FO PM *T (A1 )

I F ( P C . FC .’R ’ ) ( C TO 76
IF (PC .EC. ’P’)Gr TO 20
IF (P C .1G . ‘1’ .O~~.RC. EQ. ‘e ‘ )GO TO 25
T F(QC. FC .’S’ )GC To 1M
IF(PC .Eli .’T’)T YPE 20.NJ, P4PT
Ir (pC.Ec .’f’ )cc TO 139
T F (PC .EC .’K ’)GC TO lb
IF (RC .EC . ’C ’)GC TO 1’m
IF (PC .EC .’D’ )GC 70 1?
IF (PC .EC. ’T’)GC 70 8
T YPE II

11 FOP”A T (’ P *PAM EI€ PS, TCT A(S .LEV EL .SCAL L,EXIT,PP*NCN ,
I P’*P .mJ*L.CLOSf.D [VICE, KLOCKI .ISE’)
00 70 6

C SET DEV ICE

A1~tT’L
?kGZ ~~~ —“
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12 T YPE 13
13 FOP’~AT (’ TEK TPCNI X SCOPE? ‘.5)

ACC E PT lO ,ANS
lEN 1 = ,F AL SE
IF (AN S .ED . ‘Y’)TEKT :.TPLIE,
GO TO S

C SET ‘CLOSE’ FLAG
1* T YP E 15
15 FORM A T C ’  CLOSE ALL LOOPS? ‘,S)

ACCEPT IO , ANS
CL OS E : AL SE
IF (*NS .E0 .’Y’)CLCSE :,TRLIE .

C SET CLOC KN ISE FLAG
GO TO 8

lb TYPE 17
17 FO R’~AT (’ CLO CKN ISE ORDER ING? ‘.5)

ACCEPT IO, &NS
C w: • F a L SL
IF (AN S .EO . ‘Y’ )CW:.TRUE.
GO TO lb

C SET SCAL E F ACTOR
TYPE 19

19 FOPMA T (’ SCALE FACTOR : ‘,$)
ACCEPT *,$C ALE
0?: 78 * 05 0 • SC ALE
SM IN ( P?*S P4INT) . *? .
SNAX :(DZ*SMAX T)a *2.
GD TO 8

C SET PARAMET E RS
20 TYPE 21• 21 F O RM A T ( *  M TN! M LM SEGME N T AN GLE : ‘.3)

A CCE PT *,S AN G
SA S :SIND(SA NG )
TY PE 22

22 FOR uA T (’ K IN . ! M A X .  SEGMENT LENGTHS: ‘ , S)
ACC E PT *,SMINT ,SM A XT
5W !N ( fl7~ SM ! N T) *a2,
SM *X :(DZ*SP4AXT)**2 .
GO TO 8

C TOT ALS
20 F 0 R M A T ( I M  .10, ’ NO DES ‘ .10.’ ELEMENT S ’ )
C SET SPA CI N G AND RA N GE
25 TYPE 2b
26 FO PKA T( ’ Z~ SPA CTN G . ‘.5)

RE AD (5, A ,E NO :~ ,ERR:8)2S
07:. 05*75
IZP:ZS—1
TYPE 27

27 F C 1 P MA T ( ’  LEVEL RANGE: ‘,3)
PL*D (’4, *,END:~~,1RR.8)hL$.NLF
LI Nt+ NLV ,1

C I*~1TI A L I7E
26 RE AD(?1 .5 ,END 69)(!D(J).J.1,DP),TZ

BA C K S PA C E  21
IF (V * P .FC. 8)RAC KSP AC E 21
IF(T71 .(Q .TZ)GC 10 29
NIA I NL A 4 1
IF (P.LA .CE.NLF)GO TO 31
Ti $ :77
IZP.IZP,I

ITI I1U’~~
1

T1~
5 ~~~~~~~~~ ~~~~~~~

ii~~
I cO?’~ ~ 
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IF( (17P .GE..ZS),A ND .(N L A .GE.NLS ))GO TO 31
NP:0
KP : 0

29 K P:K P+1
C READ FR OK D ISK

RE A D (21,5,FND :b9)(ID(J) .J ~~1,DP),Z ,A,DUW ,%PL (KP)
I • C ( ( P 2 C J + N P .I)),I:1.2).J:1.NP L C K P ) )
NP:~~P ,NPL (KP)

LT (KP ,1) :LT (KP)+N PL(KP)
BA C K S P A C E  21

C SET DAT A FILE POINTER
t’P:?.NPL(KP)+DP+ 12

30 DP:DP—8
IE(DP .GT .8)GO TO 30
GO TO 28

C CHEC K SEGK F NT INTE W C ON N E CT IVI TY
31 LC :1

NP 3:0
IF (RC .NE .’M ’)GO TO 37

C GRAPH ICS FOP M A N U A L  RE— CONSTRUCTION CF LOOPS
C FI ND W IH~~QW

((1):P2 (I,$)
I ( ? ) :E ( 1)
E (3 ):P2(1.2)
E( 0 ) S E( 3 )
DO 32 I:2,NP
IF (P2 ( 1, 1) .11 .1 (1 ) )E (1);P2( I. 1)
IF ( P2 (T . 1) . r.T .F( 2 ) ) E(2 ) :P2 ( I , 1)
IF (~ 2 (1,2).LT .1 (3))E (3):P2 (I,2)

32 IF (P2(1 ,2).GT .F(0 ))1(0):P2(I.2)
DX :E (2)—Ed )
DY :E (4)—E (3)
XR *P :(E (2).E(1))/2.

5F:DX
IF (DY .Gl .SF)SF :DY
SF:700./5F

C PA INT I LA B E L SEGM ENT S
!F(. NOT. T E K T ) G O  TO 37
CALL B OX
DO 36 I:l,KP
INDI:LT (I ) +1
INOP :L7 (I+1)
lxi :5F*(P2(~ ND 1 • 1 )—XB*R),630
I YI :SF .(P2 (INDI.2)—YBAR)4390
C ALL K V T O (IX1 ,TYI)
DO 3 J :INDI,IND2
Jx :5F * (P2(J,1 )—Xl ~AR),630
!Y S F* (P2(J .?) YBAR) ,390

33 C A LL V CTC (IX.IY)
1x:SF * P2( IPrnl.1, I )—X BAR)+ 620
I Y :Sr* (P2( INDIAI,2)—YPAP ) ,380
C A LL HVTO (IX ,XY )
CA LL uV TO(IX,I y )
C ALL AL MODE
T YPE 30,1

30 FOR uAT( 1W. ,$.!P. I~~)
T X:SF .(P?IIND?— 1 , I ) — X R A R ) , ~~2a
IY :SF* (P2(1N02—I ,2 — ,paR, .380
C A LL MVIO C IX.! Y )

‘I
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C ALL A LM O DE
TY~ E 35,!

35 F OPuA T (1H.,S,I2. I2~ )
36 CONT IM L ’E

CAL L uVTO(0, 7b 7 )
CA L L  A L M O DE

37 IF (~~P .EC.l .A ND .RC .NE .’M’ )GO TO SI
IF(.NO T .FD )GO TO 51
DO 38 I:I,KP

38 FLAG( I) :.F ALSE.
DO 50 IL :l,KP
IF (FLA G (IL))GO TO SO
JPC :1
JLC IL
00 39 I:1,NPL (TL)
N P3 :P4P3+1
DO 39 J:I,?

39 P3 (NP3 ,J) :P2(L1 (IL)+I ,J).SCALE
NPL (LC) :NPL (IL )

C F IND THE CLOSEST ENO PC INT
40 IF (RC .NE. ’M ’)GC TO 43

J P 2
IF (JPC .EO .2)JP:I
T Y P E  ‘&l ,JLC ,JP

4$ FOP M A T( ’ JOIN ‘,2I1, ’ TO ‘,S)
AC CE PT C2 ,JLC,JPC

42 F 0 R 4 A 7 ( 2 ! 1 )
I~~(JLC . NE .0)GO TC ‘IS
CO TO 50

43 DH:IF,35
Y3 :23 (NP3 , 1)/SCALE
YI:P3 (NP3, 2)/SCALE
00 1414 JL :I ,KP
IF(FLA G(JL)) GO TO 00
DO 1114 J P : 1 , 2
I~~( (JL .E0 .IL ).*ND . (J P .EO.2 ))GO TO 114
J P Q :J P
I F ( J P .Er . . ? L J P R : P I P L ( J L )
D I S T : ( X I — P 2 ( L T ( J L ) , J P R , I f l * * 2. + ( Y 1 — P 2 ( L T ( J L ) . J P R ,2) ) **2 .
IF(D!ST .GT .OM )GO TO 11 14
JL C :JL
JPCZJP
D’4: f) I ST

00 CONTINUE
45 FLAS( JLC): .TR(JE .

IF (JLC. NE .IL)GO TO 46
LC :LC+ 1
CO TO 50

41 6 I F ( J P C . E Q . 2 ) C O  TO 48
• 00 o7 I : % , N P L ( J L C )

P4P3 :P4P3+ I
00 n7 J:1,2

47 P3 (hP3 .J ):Pp(LT (JLC )4I,J)A SCALE
NP L C LC I :NPL C LC) +NP L C JLC )
GO TO 00

48 DO 09 T:I,NPL (JLC)
I!:NPL (JLC) .1—I
DC) 09 J:I,7
P3 (P.P3,II,J):P2 (LT (JLC) ,I,J)*$CALE
NP 3 Z P I P 3 , N P L  (JLC)

BA BL1 
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NPL CLC):NPL(LC),NPL (JLC)
CO TO 110

50 CO NT IN UE
GO T O 53

51 00 52 1:I,NP
00 52 J:I.2

52 P3 (I,J):P2(I,J1*SCALE
LC :KP+1

C RESET FL AG S
53 LC L C— t

NL V : ‘~L V s I
I PP ( V .1) :1. C4L PP C NI V I

C THINN IN G OUT
FIPST O
P Z — ( 7 ,Sj ) * 145 0* S CALE
IFC .PJOT .bD )R7 :7*SCALE
DO 67 H:1,LC
P P : I
NLP P4LP+1
SP:2
(P.1
DC =0 .
N:PI (NLP)—1
P(N +1 ,I) :P3(F IPST+1 ,l)
P (,’.I ,2):P3 (FIRST+1 ,2)
P (N ,1.3):R7

C I N I T I A L I Z E  W INOO N M A T R I X
EX (NLP , ) ):D3(FJPST41 .1)
F X C ’ ~LP ,2):113(FIRsT+t .1)
E X(kLP ,3):P3CFIRST ,1 ,2)
(X(~.LP ,11):P3 (c!P5T,I ,2)
IF (’.PL (M ).GT .2)GO TO 511
PI CNLP,1) : D1(N LP) + NPL( M)
IF( NPL (P).E0 .$)GC TO 67
P (N.2, I ):P3 (FIRST+2, I )
P C ~~~~~ 2) P3 (F I P57,?, 2)
P C ‘2, 3)

54 XA:P3 (FIPST ,RP .EP .t)—P3(F IRST ,Rp .I)
Y A:P3C IPST .RP4EF ,2)— P3CF IRS T+R P ,2)
Aj :XA *X A .YA* Y&
IF (AL .LT .SMI N )CO TO Sb

55 X~ :D3(FIV4ST ,PD,EP ,1 , fl—P3(F IRST ,RP+ EP ,1)
yR 03 (FIPSI ,PP ,EP ,1,2).P3 (F IRST .RP+EP ,2)
RL :xP*XP+YB.YB
IFCRL .AL.EO .0.)GO TO 56
ST:C XA .YP~ X 1~a Ya) /SQRTC A L *BL)
TF ($T .L7.— I .)ST:—l
IF ( S T .G T . I • )ST:1
IP (AA S (S7 ) .G T .S A S)GO TO 5?

C ANG LE OP SEGP’E’.T LE N GTH IS TOO SM A LL. ELI M INATE THE NODE.
IF C ((XA.YS )**?. ,C YAGYF)**2 .).GT.SP’AX )GO TO 57

Sb (P:EP+1
I~~(CRP +EP) .EO .P~PL (M))CC TO 58
GO TO 511

C ACCEPT THE NODE .
57 P (N.SP ,I)1P3(FJPST ,PP .FP .$)

P(N .SP ,2):P3 (FIR!T.RP+EP ,�)
P(N.5P ,3):R7

C SUN A .:GLES TC DETE RM IN E DIR ECT ION OF ROTA TION
DC DC , A 5 IN C ST

TillS PAGE IS BEST QUALITY ffiACTI
ThM c~t?X Z~ U~ISki~D TO D~Q ....... -.—

~ 
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IFC( XA.YP ,YA .YP ) .GF.0 .)CO TO 571
I F (ST .L1 .O . )DC :DC—1 .5708
IF CS ) .GT .0 . )DC:DC,1.5706

C DETE RMIN E LOC P EXT Q FM ES .
571 IFCP (N,SP ,l ) .L1 .F XC N L P ,1))E X(NL P ,I):P(N ,SP ,l)

IF (P (N.SP . 1) .GT .EX (NLP , 2) )E~~(NLP ,
IF C~ (N+ SP ,2)  .IT .F X  (N IP . 3) )E X CPJ I F , 3) :P (N.SP ,2)
IF (P(N,SP .2) .GT .EX (NIP , 4 )  )~~X ( N L P ,14 ) P(N+SP , 2)
XA:X B
YA : YB
AL :B I
PP:RP+(P
SP:SP,1
IF(PP .EO.(N PL (M)—1 ))GO TO 58
EP:1
GO TO 55

C ENDPOINT S
58 NSP 5P

00 SR 1:1,2
59 I F C P 3 C F I PS T , N P L ( P ) , t ) . NE.~~(N, 1, I ) )C O  TO 60

KS P: N SP. I
GO TO (2

60 00 61 1:1,2
61 P( N• $P , I ):P3 (FIRST ,NPL (M),I)

P C SR . 3 )
62 IFC .N0T .CLc ~SE )CO TO 60

N SP* N SR. I
DO 63 1:1,2

63 P(K,NS P ,I):P(N,I.I)
P(N.NSP ,3):R Z

611 P I ( P~~P.fl p ) ( V j [ P)4 N 5 P
C INSU RE CLOCK~~1SE ORC E F IN G

I FCD C. L T .O..AN C .CW)G O TO 67
I F (  ( C C . G T .0.). *N D.( . NCT .C W ) ) G O  TO 67
DO 65 I:1,P SP
00 65 .3:1.2

65 P 2 ( I . J ) : P ( N ’ , I , J )
DC) 66 I:1, NSP
DO 66
I I~~~SP.I—1

6b P (N.II,J):P2 (I,J)
67 FI~~ST F IR ST +NP L (M)
C RESET POINTERS
68 K P O

IZP O
N P:O
IFC N LA .LT .NLF)G 0 TO 28
GO TO 71

69 TYP E 7O ,N LA
70 FOP~~A T ( !  D A T A  ENC E t~ A FT E R LEVEL ‘.12)

DA T A F : .FA LS E .
71 NJ Pd,NSP
C D E T E R M I N E  C O N C E N T R I C I T Y

00 75 M.1, NLV
NC flNC (H ) :0
L11 :L PP(M )
L12 :L PPCMS I) .I
00 75 !:LIt ,L12
00 75 J :%j % ,~j~ ~~~~~~~~ ,

-

IF ( I .EO.J)GO IC 75

L ~~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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C CH ECK FOP T R I V I A L  R EJ ECTIO N
00 72 K:I,3,2
IF C E X C J , V ,I) .LT .F XCI. K ))GD TO 75

72 IF (EX (J,K) .GT.E XCI, N.I ))GO TO 75
11:—I

73 11:11,1
C SEE IF J SCRI H ES A 360 DEG REE ARC AROUND I

A NG:O .
X C : P C P I( I) ,!1,1)
Y C:P ( P l C  I 1 ‘ 11,2)
X P: P(P I ( J ) . 1 ) — X C
Y B P ( P I ( J ) . 2 ) — Y C
81 : R,Y P* Y B
IFCR L. FC .O.)GO TO 73
00 74 Jl :P I (J),PI CJ G I)—1
XA:Y8
Y A Y B
ALIBI
X $:PCJ+ I ,I)—XC
YR :P(j,1,2)—YC
RL: xPaxP .Y B*Y B
IF (PL .EC .0.)GO TO 73
SI’sE : C X* .Y B—XB ~~Y A ) / S O R T  (*1*81)

714 AN G AN G +A SIN (SINE )
A PiG :APS C A KG)
IF (A NG .LT .1)GO TO 75
N CON C (M):p ,~ QN~~(H)+1
SU RR (K CC NC (P’ ) ,M ) I

75 CO NTINUE
C ACCEPT COM MA N DS
76 TYPE 77
77 F O R M A T ( ’  8RANC H~ ‘.5)

ACCEPT 10,T RIC
T P ICI:T PIC
IF(TPIC.ED. ’A ’)GC TO 92
I F CT R I C . F O .’ W ’ ) G O  TO 79
!F(T p IC .EC .~~u~~)GC TO 92
T F C T P IC.EQ. T ’ ) T Y P E 21l,NJ, PIPT
IF (T PIC . EG. ’ I ’ )GC TO 92
IF (T RIC .F O .’ C ’ ) G O TO Si
IF(TPIC .F0 . ’ S ’ ) G C  TO 110
IF(TPIC’ .Ef2.’I’ )G O TO 139
IF(TR IC.EQ .’T’ )GO TO 76
TYPE 78

76 FO PMAT (’ AU T OMA T T C , WAP P , M AP4 UA L ,INSPE CT .S ING LE ,CAP ,EX IT ,TOTAL.S ‘I
GO TO 76

C CHA N GE K A R P  AN GLE
79 TYPE 80
80 F O R W A T ( ’  M A X .NA PP ANr ,L E: ‘ ,$)

PEa~ (5 , * ,END:7 (, ,ERR:76) AN G
NA P  G:C OS O C A PIG)
GO TO 76

C CA P
81 TY PE 82
62 F O P W A T C I  GLOBAL LOOP NL.MB E P , ’,$)

RE *0 (5 ,1 111 ,END .76,ERR:7b )N
DO 83 I:I.NLV
.111 .1*
IF( L P PC I) . G E .P4) GC TO 811

83 CONTINUE
~41~

f
~ ..—“
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84 IFCJ.LT .?)GO TO Sb
TYPE 8S.P (~~1 (L PP(J— l )) ,3 )

85 FO R ”A T C ’  7 FOR (L EVE L— I) ~~’,E1O.3 )
Sb TY D F 87,~~(PI (N ) .3)
87 F O R M A T C a  2 FOR (LEVEL ) : ’,E10.3)

IVCJ .GE .NL V)G0 TC 89
TYPE 88,PC P I (L FPCJ+1)) ,3)

68 F O R MA T( ’ 7 FO R (LEVEL+ 1): ’,EIO.3 )
69 T Y P E  90
90 FOR~ A T C ’  ENT ER 2 FOP VERTEX ‘,$)

RE A D ( 5, , E ND 76 RR:76) 2W
NJ: NJ I
P (NJ ,1) :(EX(K ,2)+FX (N ,l )),2.
P (NJ,fl:(EX (N ,4)+EX (N ,3))/2.
P(NJ, 3) .7V
IPJ:P1 (P4 +1 )•P~ (NI—I
PO :P1 (N )—l
DO 91 I’1,IN
IP (I ,NPT):NJ
IPC2 , NP ? ):PO,T
IP(3,NPT):B0,1+1
IPC11 ,P4PT)I0
PIPTIKPT .1

91 CONT IPJU’
GO TO 7’~

92 TYPE 9~
93 FO PM A T(’ START W IT H W H ICH LEVEL? ‘.5)

REA D C5,I i4 ,END:7t ,ER R 76)11N
IP(LI~~.E O .O)LIN:IIND

9* IND? :NLV—I
~F (TPIC . FC . ‘1’ )IND? ZNLV
IFC tR IC. KE .’A’ )GC TO 9145
TYPE 9111

901 F O R M A T C ’  POST—EDIT? ‘.3)
A CCE P T IO .A NS
RE :~~F A L SE
IF (AN S. FC .’Y’)PE:.TRUE.

9*5 00 138 IL :L IN.INC2
1O :LPP(IL ,I)—I
60 :LPP(IL)—1
I F CT R IC . NE. ’ A ’ ) G O  TO 98

C EM PLOY C O N N E C T I V I T Y  ALGORIT HM
DC 95 J:1.8
F L A G C J ) : .F A I S E .

95 C (J.1):0
Nt. 111:1
WI. (21:1
‘IL 8.? 0—8 0
NLT fl PP (IL,2).LPP (IL.1)
DO 97 J$1. N LR
DO 97 K :1 ,NLT
DO 96 1:1,3,2
IF(€x(PO4 J ,L .t ) .LT .F X(TO ,K ,L ))GO TO ~7

96 ! F C F X ( ~~O4 J . 1).C T . E X ( T O + K ,L,1))GO TO 97
CC J , 1) :C (J , I) + I
CC K.NI B,I) :C(K,NLB,1).1
C (J .CC J , I ). )s NSN LB
C (” ,KLB ,C (K,hLP, 1)+I )sJ

97 CONTINUE
IF (TRIC.EO .’A’ .A ND..W OT .PE )GO TO 121

1~;IlI ~~~ ~

‘
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C PA IN T I LAB E L LOOPS
98 IF( .NOT .TEKT )GO TO 109

DO 99 1:1,0
99 E(I ) :EXCBO ,1.I)

DO 1 00 I :eO ,2 ,LPPCIL ,2)—1
DO 1 00 .3:1,3.2
IF C E  (J).GT .E X (I.JflF (J):FX( I ,J)

100 IF (E (J.I).LT.Ek(I.J .I))E(J ,l):Ex (l ,J .l)
DX :FC2)—E (1)
DY:E C14)—EC 3 )
XPAQ: (EC2) ,E(I) )/2.
Y S A Q : ( E  (11).E (3)1/2.

IF C O Y .GT • SF )SF:DY
SF:700. /SF
I ND :2
IF (IRIC.E O.’A’ )GO 10 12 1

• C A LL BO X
]F(TR IC .E0 .’I’ )IND:I

101 DO 107 J:1,IND
!ND1 :LPFCIL ,J—I)
1M0 2 :LPP(IL ,J)—1
00 107 I :1N 01,1N02
CALL P’OVE (P)(I),O ,O)

P .4 00 102 P4: P IC I) ,t ,P 1(1 + l )— 1
K K:K

— 102 CA LL D P A W C K K .O, O)
II :1—IN DI+1
CA LL M DV F ( P I ( I ) , — 57 , — 1 O )
CA LL A LPOD E
I FC J . E 0 . 2 ) G O  TC 105
IF(T~~IC.F0 . ‘I ‘h YPE 103 .1

* 03 F O R M A T ( I H 4 , S , 1 3 )
I~~(T P IC. NE. ’ I’)  TYP E 1011,1!

104 FOR ~~&T (1H,,$,I3, ‘B’ )
GO TO 1 07

*05 TYP E 106,1!
106 FOR ~ *T(I P’,,3,I3, ’T’ )
107 CO NTINUE

C ALL MV IO (O ,767)
CIII A L PODE
TYPE 108 ,11

108 FOR ~’&T (’ ~~ LE VEL ‘.12)
IF (T P IC .PE. ’ I ’ ) G G TO 109
PE AD(5 , I 114 ,E N D : 7 6 , E W P : 7 6 ) I C O N T
GO TO 138

109 P41(l):0
NI (2) :0

C SELECT CO NN ECTIVIT Y M A N U A L L Y
11 0 T YDE II I
111 FO P~~AT (’ BOTT OM LOOP(S) (LOCAL): ’)

CO TO 113
T YP E 112

II? F 0PbA T (~ BOTTOM LOO PSUGLOPAL )’)
1*3 REA D(5,1111,END:76.(PP:76) , PI

I I I  FOR~~A T f l )
IF C N .E(..0)G0 TO 115
NL( 1) INL(t )+ 1
L P S T K C I  ,NL( I ) ).N+PO
IF (TRIC .EQ .’S’ )LP STK(I ,NL (l))IW

~~kCT1C~
1
~~

T~1IS ?P~G~ 
IS ~ES

11~— 
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CO TO 113
115 IF(NL(1).EQ .0)GO TO 119

TYPE 116
11 6 FOR ~ AT (’ TOP LrOPC S)’)
117 RE &D(5 ,1l14 ,E ND:76,EPR :76),P4

IF (N .EO .O)GO TO 118
NI (2) :WL (2)41
L PS T N C 2 , N L (2 ) ) : N ’ T O
IF (T PIC .EQ. ‘S ’  ) LPST K (2 , NL (2)
CO TO 117

118 IF(NL (2).EO .O )G0 TO 119
CA LL QUAD
TPIC :T PIC I
IF(TRIC .EO .’A ’)GC TO 138

*19 TYPE 120
120 F O P M A T (’  N E W T  LEV EL? ’ ,S)

A C C E P T  10. *NS
I F ( A N S . FC. ’Y ’ ) G f l  TO 138
IF(.¼ 0T.TE KT)GC TO 109
C ALL BOX
GO TO 1 0 1

C AUTO M ATIC B RA N CHI N G ALGORITHM
121 P41(11:1

NI (21:1
IF(NCO NC( IL) .FC. O)CO TO 128
00 127 J:1.NC O P C ( I L )
K : SO R P (J .  I L )—B O
FL A G  ( N ) • TR UE.
IF (¼ CO NC (TL ,1) .GT .O)GO TO 123
!F (CCK . 1 ).GT .1)TY PE 122 ,11

122 FO P M A T C ’  ? ILL E AGL E CON CENTRICITY IN  L E V E L ’ , I2 )
t.~~S T K ( 1  • I ) :K,~~~
L P S T K C 2 ,  1 ) :C(K ,2 ) + T O
CA LL QU AD
GO TO 12 7

123 00 12~ L :1,C (K,I)
DC’ 1244 N:I,PiCONC ( 1L41 )
I F ( S U P Q C N ,1L + 1 ). E O .C ( K ,L+ l  ) ) G O  TO 125

1211 CO NT INUE
L PST K C ?.  I) : C ( K ,2)+ T0 -
GO TO 126

125 L P S T K ( 2 , I ) : S U P P C N , ! L 4 1)
F LA G CS L’ PR C N, IL ,1)—TO) :.TRUE .

126 CA LL OUAD
127 CO NT INUE
128 I FC N C OV C ( I L , 1) . E C .0)GO TO 130

DO 129 .3:1,NCOP~CCII,1)
K:SU pR( J, I L)—B0
FL IGCK): .TRUE .
IF (C (N , I) .GT . I )TYPE 122.11
L P S T K ( I  , 1) :K+B0
L~ STK(2 , I ):C(K .2)+BO

129 CA LL QUA D
C PREPA RE R E M A I N I N G  LOO P S FOR QUAD
130 00 138 J:I,NLB

IF( F LAG(J ) )GO TO 138
FL AG (J): • I RUE
IF (C (J, 1 ) — I )  132 ,131 ,132

C SIMPLE I ON 1
131 IV : C ( C (J , 1 ) , N L B , 1 )

T~is
?J
~~~~~~~~x T01
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IF(IV .GT .l)GO TO 132
FL AG (C CJ ,2)):.TRIJE .
HL(1):1

~L (?) : 1
L P S T K  C?.  i ) : C ( J , 2 ) + T O — H L B
LPS TK (1 ,1 ):C CC (J.2) ,2).~ O
CA LL QUAD
GO TO 132

C DET EP4H I NE EXTENT  OF BRANCH IN G
132 SP:1

NBR: 1
tI RA NCH( i ):J
ST A C ’ C C I ):J

133 DO 1344 1: I ,C (S T A C K ( S P ) , 1)
NODE:C ( S T A r ~ ( S P )  . 1+1)
!F(FLA G (P’ODE ))GO TO 1311
FLA GCNOCE): .TRL !E.
NBR:NPPS I
~ RA NC P4 (N B~ )
IF ( C ( NO DE, 1) . EC . 1) GO TC 1314
SP:SP+ 1
51 A CK C 5 P)  : NODE
GO TO 133

13~ CON T IN UE
IF(SP ,EC.l)GO TO 135
SP:SP—1
GO TO 133

135 NL( I) :O
NL (2):O
00 137 Ie1, P4RR
IF (PRA N CWC1 ) .LE .P~LB )GO 10 136
NI C 2) :Pt. C 2)41
LPS T~ (?,N%. (2) ):BR A N CW C I 1+10— N IB
GO TO 137

136 “LCI) :NL(l) .l
LPS TK C I  ,NL(1 )) :BPANCH(I ) ,B0

137 CON T INUE
CA LL QU ACI

13 8 CON T INU E
J F ( T P I C . E Q . ’ T ’ ) G C  TO 76
LI ND:NLV .1
IF( DA TA F )GO TO 6

C OUTPUT
139 TYPE 140
140 FOQW AT ( DONE ? ‘.3)

ACC E PT l0 ,ANS
IF (AN S .P.E.’Y’)GO TO 8
PJPT:N P I—1
N P :KPMA X—1
T YPE ?14,hJ ,NP T
IPL (2, T PL I ,¼ IPL (IPLI) ).NPT
TYPE 101

101 F OP M A T (’ OUT PU T FILENA M E ?  ‘,S)
ACC E PT a.CKAP’ E
OPEN(UNIT: ?2 ,F ILE :ONAMF)
00 1142 I:t,NP
NPIC (I):0
DC 14? J.I,N I PL (I)

$ 11? W P IC (fl zN P !C (7)4IPLC2,I ,J)—I PLCI,J, J)+ 1
wR ITE (22, 114 6)NP ,NJ .NPT

IS
$ 

--- .—-- .
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N: 0
DO 1 113 IZI ,NP
J :N41
N: J ,N PIC(l)—1
N PLA (* , I)*J

143
W R IT ((?2 ,ILih)C(NP LA (I,J) ,J :1 ,2) ,J :1,NP )
W R I T E  C ? 2 , 1 1 47 ) ( ( P ( I .J . .J : 1 ,3 ) . J : 1 ,NJ)
I . RIT EC ? 2 ,t u o )(C ( ( IPC I .J L . I : I ,a) .J :IPLCI.N,M),IPLC2,N, MI)
* ,,:1,N IP LC P 4 ) ) ,NIj ,NP)
T YPE 1110

*0 4 FO PW AT ( SPECIAL FUNCTIO N F ILE? ’ ,$)
AC CE PT )0,AN S
IF (A NS.NE .’Y’)CO TO 148
TYPE 1115

1115 FOP ’~A T C ’  FI LE NA M E OF S.F . FILE: ‘.3)
ACC EPT a, SNAM E
OPENCUNIT :23,FILE*SN AME )
VI R ITF (?3 ,1147) (PCI,3) ,Iz1, NJ)

114 6 FORHA T(?014)
1117 FOPMAT ((EtZ.5)
146 STOP

END
SU#QOUTIPiE QUAD
LOGIC AL F L A G I  ,FLA GP , FLAG(5) .CL OSE.I PFC 1O ),D RAPF ,HAP .BD,TFNT .PE ,PE N
COM*.ON/C/Nt Cfl.LFSTK (2.5) ,NPT,NJ,DZ,BD, TEKT ,PE,
1 EX( 100,14).P1 (1 00).TPIC,IPL (2,5,I0),NIPL(5).IPL!,NPHAX.IP(a,2000)
CO MH O N/ N O O € / P2 ( 2 ,  1100,3)
CC~~MCN,TE~~/XBA R , YSA P , SF ,P (2000 .  3), 1Y02
INT EGE R T E M P (2 0 0 )  ,NV ( f l ,N E N ( 2 , 5 ) ,V C 2 , 2 0 0 ) , E1RST , P1,PDUP(I2)
R!M. T R A N S C ? , 1 4 )  ,1M&P( �,�),5(2)
INTEGE R CPDEP(S.5).CP(5,5) ,O(5),FIRST I,FI RST2,CL,CT
PEAL fl (S,5).CTC5).ECO)
INTEGE R P.JCP (fl,CV (2, 150),Nl C2),N2(2)
DA TA IV1t ~~,MA P ,IND4I1, .1qUE..2/
NP? 1:P4PT
NPT2:NPT

PIT EHP:O
X R A Q T : X BA R
Y~ A PT Y 5A R
NT MA X I

NLINE :7b 7
PE N: A L SE.
5FT:5F
DRA WE : ,F A L SE
00 II~~ P4:1,2
0 (11 *1
IF(NL (M) .EO .1)CO TO 29
IF CT R IC. NE. ’A ’ .OR .PE)GC tO 1?

C A U TD M *T ICp
C F IN D CLOSE ST DIS T ANCE B ETW E EN ALL LOOPS

DO 7 I:l.N LC H )— I
F IR ST I r P I CL P S TW CM ,!))
LA ST 1:PI(L PSTK(M .I),1).1
DO 7 J:I, 1, PI L ( M )
~1~~ST2:~~1 (LPSTF (M ,J))
LIST? :PI (LPSTK(M ,J)+l )-i
CP (I.J)=FIRSTI

.0)0 ~
~~~~ j~~U~

- 
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CP(J .I ):FIRST2
DIST:1135
F L A GI :.F*LSE .
FL.AG? :.IPLJE .
DO 3 K : F IQ S T I . LA S T I
TDI S~ :(P(l(,1)—P (CP (J,I),I))*A2,(P(K,2)—P(CP(J,I),2))**2IF(TD1S1. G E. D I ST ) G O TO 3
00 2 L :I,’ILCM )

2 I F(K .EO .CP (I,L))GO TO 3
DIST :T DIST
FIAG2 :.F ALSE .
C P C I , J ) : K

3 CO NTI N UE
IF(FL~~G?. AN D. FLA C1 ) CO TO 6
FL AG I:. I RUE
00 5 K:FIQST2,t.AET2
TD1S t=CP (K ,1)~~PCCP(1,J).1))..2.(P (K.2)~ P(CP (1,J),2))**2
IF (TDIST .GE.CIST )GO TO S
DO 14 L:I.NL(~~)

4 IF (K .EO.C P(J ,LflGO TO 5
DIST :TD IST
FLA GI :.F 4LSE .
CPCJ, 11 :11

5 CONTI NUE
IFC FLA C I .*ND .FL AG2)GO TO 6
GO TO 1

6 DCJ,I) DIST
7 D(I.J ):UIST
C PICK TME P~ OPEP LOOP SEQUENCE

DC 9 I:l,NLCM )
JI:!
OTCI):O.
DO 8 J:I,5

8 FLA G (J ) :JA L5 E .
D IST :O.
DO 9 J :l, N L ( M )
FLA G ( J i ) : .T RU E.
DT ( I  ) :DT( I) , DIST
O~ DEP(I,J):JI
J?:J1
0157 1E35
00 9 K:1, NL(M)
IF (FLA CCK ))GO TO 9
IF( OI ST .LE.D (J2, k))GO TO 9

DIST :D(J2 ,K)
9 CO NT INUE

DIS T IIE3S
00 10 Z:t ,NL (M)
IF (DIST .LE.DT (I))GO TO 10
DIST :DT ( I)
IT:!

10 CO N T INUE
00 11 J:1.NL(M)

11 O (J):ORCER( IT .J )
C DI SLPA Y LOO PS
12 3 F (TP!C .EQ .’*’ .AP~D ..NO T .PE)GO TO 26

IF( .NOT .TE KT)GC TO 17
CA LL BO X
DO lb ks l ,2

T%%I~ 
yIIQ - 
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DO 16 J:1,P.L(K)
INDI:P1 CLPSIK(N.J))
INDP :P1 (LPSTK(K .J )+1).I
C A L L  M O V E ( T N O I , 0 , O )
DO 13 L:INDI.1,IND2
LL :L

13 CA LL DRAW CLL .0 ,O)
IF(M .NE .K )GO TO 16
C ALL ALP’ODE
TYPE *~~,J

1 4 FOPMAT(1I .’,,S.~~LOC P~ ,I1 )
00 lb L :1ND1+2 .IP~D2 ,2
LL :L
CALL CPCSS (LL.3)
CA LL MOVE(LL.—57,~~IO)
C ALL ALP’ODE
T YPE 15.1

15 FORM A T (114 + ,$,14)
16 CONT INUE

CA LL MV TO (O ,767 )
CALL ALP’ODE

17 TYPE 18
18 FOQM A TC’ ENTER LCOP SECUENCE ’)

P1:0
DO 19 L :I ,N LCM )
. I :N•j

19 PEAO (5..,END :137 ,ERP:137)O (L)
20 NL (M):N

IFC N .EQ .I) GO TO 26
DO 23 L:I,NL (M)—1
TYPE 21,0(L)

2 1 FO P~~A T ( ’  L’,Ii, ’ P7’,$)
A CCE PT *.CP(O (L),O(L ,I))
TYPE 22,0(141)

2? FODUA T(1W + ,S, s TC L’ .!I.’ P?’,$)
23 A CCE PT *,CP (O (L+1),O(L))

T Y P E  24
24 FOR ~~A T(’ CWA NG€S?’ ,S)

ACCEPT 25 ,ANS
25 FOQ~ A T( A I )

IF (AP-J S. E C.’Y’)GO TO 17
C INTEN PO LA TE ~EM POIN TS
26 IF (Pi L C k ~).E0.1 )GO TO 29

I :1 DST ‘C (2, 1)
261 J :LPSTK(1 ,1)
262 I1:Pl(T)
263 JI :PI (J)
2614 Z I P (11 .3)
2b~ Z J D (J1,3)
266

00 28 !:l.PiL (M)—1
N J$ NJ ,l
NE W (H , I)*NJ
DO 27 Jal ,?
k.J

270 I?.CP(OCI),O (I,1))
271 I32 CP(O (I.1 1,0(1))
272 tJ? P (!2 ,J)
27 3 TJ 3 s P ( 13 . J)
2711 TJ:(TJ2 .TJ3)/2.

5~~~
S~~ 1 ~~~~~~~~~~

~~~
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27 P (NJ,J):TJ
26 P(NJ,3):7
C CO MB INE LOOPS
2~ FLA GI :.TRUE .

FLAG?: .F AL SE

1N 01B 1
IND?:PIL (14)
P403:1

30 DO £i3 !IINDI,IND?,1N03
31 FIRST :P1(LPSTK (M ,O(I)))—1

IF (NL (M ).ED .1)GO TO 39
CL :CP (C’ C I) ,O ( I, I) h— F I PST
IF (!.rQ .1 .AND .!P.D3.EO .—1 )GO TO 38
IFCI.EQ .1) GO TC 32
CT :CP CC (I) ,Q( I—i ) 1—F IRST
IF (I.FO.1ND?.*ND .IND3 .EQ.1)GO TO 35
IFC .NOT .F LAGI )G O TO 33
FLA G1:.F ALSE .
FLAG? :.TRUE.
N:CL
IF (I%03)N:CT
GO TO 40

33 IF( !N03)3b,34
34 I FCC L.G T • C T ) G O  TO 37

FL *Gl :.TPUE .
35 F IP ST:F IR$T+CT —1

N:P1 (LPSTK (M ,0(I1),1)—FIRS1.2
CO TO 40

36 IF (CL. GT .CT)GO IC 38
FIRST:FIP5T+CL.t

IL A G2~~.TPUE .
GO TO 00

37 FIRST:FXRST+CT.1
FL A C 2:. T RUE
N :C L — C T, I
GO TO 40

36 F1P5T :FIP$T+CL .1
FL A G I:. T RUE

39 IDL ,M:LPSTK(M ,O (I))+1
N:PICIIhI. 14)—F !R ST—2

C A LL TM A T NORK FOP TPIS LITTLE LOOPI
40 IF(1.EC .IWD?)FLAG1:.F*LSE .

IF (N .E0.0)N.1
(40 III J:1,N
NV (H ) :NV (P’)+1

41 V (M ,NVCM)):FTRST,J
!F(.NOT .FL*G2) r ,O TO 42
N:WEP. (u ,!)
I F C T M ’~~.EQ. — 1 ) N s N E w ( M , 1—1)
NV ( P 4 ) :NVCM)+1
V CM , N V C H ) )
FL AG ? :  ,F AL SE

42 IF (FLA GI )GO TO 31 ii
43 CON TIN UE

IF (NL (H ) .EQ .1)CO TO 414
IF(IND3.ECI .—1 )G0 tO 04 ~~~~~~~~~ _

,,‘

FLAGI:.TPUE,
P403:—I

1.~
• ~ t~—

~
$
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IP4DI:NL (N)
P402:1
CO TO 30

40 CONTINUE
C SEGME NT ENDPOINTS

GO TO 46
00 05 1:1.2

45 IF( P (VC P’ ,l),I).NE .P (V CP ,NV (M) ),I))GO TO 07
46 V (P4,N V C H ) ):V(M .1)

60 T0 4 2
47 V (H ,NV (14)):V (M,NV (N )—1 ) ,I
118 CONTINUE

IF (T P!C.EQ .’A’ )TRI :’A ’
IF(TR IC.EC. ‘A ‘.A ND ..NOT .PE) GO TO Ill

C DETERMINE EXTREMES
DO £19 1:1,4

119 E (1) :EXCLPSTK(1 ,1),I)
DO 50 4:1,2
00 50 J:1.NL (14)
00 50 1:1,3.2
E T 1=EX( L PST ’C(M,J),!)
ET2 :EX (LPSTK(M .J),!,I )
IF (ET I .LT .E C I) )EC I ):ETI

50 IF (E T2.G1 .E(I+1))E (I.I ):ET2
OX:E (2)—E(1)
DY:E(4)—EC3)
DYT:OY,D?
SF?:DX
IF (DYT ,GT .SF2)SF2:DYT

SFI :DX
1F(D’V.GT .SFl)SFI:DY
SF 1:700./SFI
XBA P:CE (1 )+E (2) )/2.

SI IF( !VIEW .EO .1 )GO TO 52
SF:5F2
T YD2 :390.*DZ/DYT
GO TO 53

5? SF:SFI
IYOP:0 -

53 IFLNOT .TEKT )CO TO 63
C ALL BOX
DC ’ 544 14:1,2
CA LL C ROSS( V (M ,1).5)
DO 514 J:2,WV (P’)

54 CALL ( 4 P A W ( V ( M ,J) ,0,O)
IF(IVIE p .E0.* )GO TO 57
!Y: 10
DO 56 14:1,2
IX:SF* (P(V(M .I ),11~~XBAR ) ,b 34
C ALL MV T O( TX ,IY)
DO 55 J:?,NV CH )
!X:SF .(P(v(H .J),1)—XBA P)+ 634

55 CA LL VCTO( !X ,IY)
56 IY:SF.DX .l0
57 I’C (PIP T I.FQ.WP T)GC TO 60

IND :NPTI,1
DO 58 IZI ND,NPt

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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CALL MOVE(IP (I,I),0,0)
58 CA LL DRA P (IP (2. I) ,O ,0)

!F( I V I E W .FC . 2 ) G O  70 60
IYT :4*IYD2/39
IYB :3541YD2/39
00 S9 Tg IP ~D ,NPT
!X:SF* (P flP ( I, 1). 1)—YB A R ) 4634
CALL MVTO(TX,IY p )
IX :SF* (P(IPC2 ,!) ,1)—XBAR) +634

59 CALL VCTO (IX .IYT )
60 IF (TR IC .EQ .’A’ .AN D ..NOT.PEK) GO TO III

CAL L M O V F ( V ( I , 1 ) , _ IO, _ I0)
C ALL A LPODE
T YPE 600

600 F0 RM A T C 1 P ~s,S.’e’)
CA LL M O VE(VC2 ,1 ) ,—1 O ,—10 )
T Y P E  601

60* FORHAT( IN. ,1,IT t )
00 62 P4 :1 , 2

00 62 1:H.J,1N06
CA LL t .’DVECV(P4 ,I), — 45,—10 )
CALL AL HO OE
T Y P E  61 ,1

61 FOPHAT( jH ,,!,I3 )
62 CO N TINU E

CALL I4VTO (0,767)
‘ILINE:767
CALL ALP400E

63 !F ( I ) PA W F) G O  TO 94
C ACC EPT CO M MA N D S
64 TYPE 65

NLIP.LZNLINE—?O
65 FOPHAT( ’ TPIANGULAT E )’,S)

A CCEPT 136 ,TRI
*F(TPI .EQ .’A ’)GO TO *11
IF(TPI.E0.’V’)GO TO 72
IF (TRI.E0.’P’)GO TO 90
IF (TPI.EC.’C’ )GO TO 137
IF(TR I.EC . ’T’ )CO TO 73
IF(T~~I.F C .’I’)CO TO 94
IF (TPI.EC. ’D’)GO TO 69
IF (TRI.EC. ’P’)GO TO 75
!F(TRI.EC .’E’)GO TO 71
IF(TPI.EC.’O’)GO TO 63
!F(TPI.FC.’P”)C.O TO 67
IF (TRI .EC.’U’ )CO TO 68
TYPE 66
NL INE :P4L INE—60

66 F1IPP ’AT (’ £UTO .TN TERACTTV E, ’,/,’ RE NIJP’BER .DE N SITY , ’,/.’ CO NT ,
I TO TALS’ ./,’ PA R T,E RA SE ,VIEW ,M *P ,UNMA P ,ONE’)
GO TO 64

C SET HAP FLAG
67 HAP :.TR PJE.

GO TO 64
C R EL EASE MAP FLAG
68 MA P :.FALS E ,

GO TO 64
C SET NUM BER DEN SITY
69 T YP E 70 .

I

0

_ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~.._
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70 FD PM AT( ’ P403:’,S)
AC CE PT .,1ND6
GO TO 53

C ERASE
71 PIPT*P4PTI

NT MAX : 1
NB MAX:1

DRAW F:.FALSE .
GO TO 53

C CHAN GE N I’MBER OF ORTHOGRAP HI C V IEWS
72 !:!V!E W

IF (I.EQ .2)IV !EN:1
IF (I.EC .1 )IV !EW:2
GO TO 51

C TOT A LS
73 TYPE 711,NJ ,IIPT
74$ FO PNAT (’ ‘.114.’ NODES. ‘,14,’ ELE MENTS’)

CO TO 64$
75 TYPE 76,IPLI
C CHAN GE PART NUM BE R
76 FO R HA T (’ CHA N GE RAPT FROM ‘,Il, ’ TO ‘ .3)

ACCEPT *,P4
IF (N .LE.P. PM A X.ANC .NPT .GT. IPL (1 ,IPLI , NIP L (IPL I)) )GO TO 80
IF C N .GT. N PMA X )GO TO 78
TYPE 77

77 FO RM A T (’ CANT CHA N G E PART NUMBER YET ’)
GO TO 64$

78 TYPE 79,NPMAX
79 FOP~~~T(’ MUST FE LESS THAN ‘.12)

CO TO 75
80 IF(IPL I .EQ .N)GO TO 614

I~~(IPL (I , IPLI.NIPL . CIPLI) ).IT.I)GO TO 81
PI1 PL (IPLI ):NIP$.. C IPLI )—1
GO TO 82

61 IPL (2,IPLI,NIPL(IPLI)):I
82 PJI PL (N):NIPLCN) $ 1

IPL(I,P4,NIPL (N)):NPT
IF (N .EQ.P.PMA X )P’PI A X :NPPAX+I
I P11: N
CO TO 64

C ONE AT A TIME
83 00 82 1:1.4

P . i LIP ,E: NL I N F—2 O

TYPE 64,!
$4 FO P~ AT(’ PO INT ‘.11, ’. T/B ,NO .’,$)

AC CEP T 85,T,N
65 FO R HAT (A 1, !)

IF (T .EQ .’T’)GO TO 86
JF(T .E Q.’B’)GO TO 87
!F(I.NE. II)GO TC 64
IPC 4.NPT):0
CO TO 82

86 !PCT , P~PT)*V (2 ,N)
GO TO 2E

87 IP(I,N PT )RVCI ,N) ~~~~~~~~~~~

68 CONTINUE
CA LL HOVE(IP( 1. NPT ),O.0)
C ALL DPAW (IP (2,NPT),0.0)
CALL. OPAW (!P (3 ,NPT) ,0,0)

_________________
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IF (IPC4 ,N PT) .EC. 0)CALL D $4 A W (IP C 4$,NP T ),0,0)
69 NPT :NPT+I

C A LL MV TO(O, N LTN E)
CA LL AL POD E
GO TO 64

C RE NUM BER
90 TYPE 91
91 F O R M A T C ’  NEW II k00E ’,/,’ (TOP CONT OU R 1 ,3)

NLIN E :NL INE— 4O
DRA HF : F A 1SF
ACCEPT •,NS
IFCN 5.LT. 1)GO TO 90
GO TO 113

94 W TM T :NTMAX
P. B 44 7 :4dB H A X
TYPE 95,N TM AX ,KV (2)
P4LI P’ IE NL I N E — $ O

95 FOPP- AT(’ TOP: ’.13. ’— ’,13)
RE AD (5, 96, EP4O:6a , ERR:6M) , N I (2) • N2( 2)

98 F0R~ A TC2 I)
IFCNI(2 ) .EQ .O)GO TO 137
TY PE q7 ,NSMAX,P, V (1 )

97 F0R~ AT(’ POT TO” :’,13, ’— ’.13 )
RF.AD(5 ,9b,ENt:bt4 ,ER R:ba) ,N 1 C 1),N2(1)
NPT2:NPT

98 IFCT PI .NE .’A’)G O TO 99
P11 (11 :1
P41 (2):1
N2(1 ):NV(1)
N? (2) :P4 V (2)

99 NTD~ L:1
IF (WI (2) .GT .N2(2fl1ITDEt.*.*
P.BDEL :I

IF(N1 (I).GT.N?(1))NHDEI:..I
IF(. NOT .MAP) G O TO lO B
DO 100 1:1,2

100 I F( N I C I ) . E O .N2 ( I ) ) GO TO 110
00 102 1:1,?
IND I :NI CI)
INO2:N? (!)
IFC!ND1.LT .IND2)GO TO 101
!NDI INO?
1’lD?:NI (I)

*01 TRAN S(I,I ) P(V (I ,IND I 1.1)
TR A N S C I  ,2):TPAP’S (I, 1)
TRAP4S (I,3):P(V(I.INDI),2)
T P A P~ 5(1.4 4 ) :  T P A N 5 (1,3)
(40 102 J:INOj,1,IND2
PX:P(V(1,J), I)
IF (PX .LT .TP AN S( I ,1)) TPANS (I.1 )*PX
IF (PX .GT .TP AN$ ( I,?) I TR A N S (I,2):PX
PY:P(V (I,J),2)
IF(P Y .LT .TPA NS C I,3 ))TPAN S(T ,3 ) PY

1 0? IF (PY .GT .TPAN S( I , 4))TP AN S( I,4) PY

* 03 00 1044 1:1,2
TWAP (1 ,fl :(TPANS (I ,?).TRA P’S (I.1))/2 .

104 THAP( 2 ,I) :(TPAN $(I,3) .TPAN S (I, 4$))/2.
00 105 1:1,2 4~s.
I F ( T R A K S ( ! ,2 ) . EQ . T P A N S ( t ,1))r,o TO 108

*05 IF ( TRAN S (I .3) .EQ .TRA N S (I, 4$))GO TO 106 ,~~_ S 
_ _ ./
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C $AP
DO 1 07 1:1.2
S( 1) :*00 . / ( T R A N S ( I . 2 )— T RA H S ( ! , 1 ) )
S(2 ) 100. / ( T R A P ~S( I , 14)~~T P A W S( I . 3 ) )
IN :NBUEL
IF (I .EQ .?)TN :NTDEL
DO 107 J:N1 (I),N2 (I),IN
DO *06 K:1.2

1 06 P? (1,J ,K):S(K) .CPCV (I,J),W )—TMAP (K.I))
$07 P2 (I.J ,3):P(VCI,J) ,3)

GO 10 1*0
C DO N’T HAP
1 08 DO 109 1:1,2

IN:NPDEL
IF(!.EO.2)IN:NTDEL
(4 0 109 J :Nl ( X) . N?(I),IK
DC 109 K:l,3

100 P2(1,J,K):P(V( !,J),K)
1)0 NT : P, e1(2 )

Cl )
NIH 1X N2(2)

CO TO 117
111 D1:!E35

XI:P (V (I,1). 1)
Yl:P (V(l.1),2)
On 11? 1:1,NV (2 )
D 2: ( PC V (2 , I) , 1) ~~X 1) .*2 + ( P (V (2 . I ) , ? )— Y 1 )* * ?
IF(02.GE .DI )G0 TO 112
01:02
N5:7

112 CO NTINUE
C ~~—o~o~~
113 IF (N5 .EC .1)GO TO 11 6

DO 1 1 44 J:1,NV (2)
11 44 TFHPCJ) :V(2 ,J)

DO * 15 J:1,NV(2)
J R :J .’ J c— l

IF(JP .CT. N V (2 ) ) J R :J P — P 4 V  (2)41
115 V( 2,J ):TEMP (JR)
11 6 IF(TRI.EQ .’R’)GO TO 53

GO TO 92
C TRIAN GUL ATE EE TWEEN LIMITS
II? !FL AG5D
11 8 T” (I. P.PT):V (?.NT)

IP(2 .NPT )*V( I, NB )
YP(M ,NPT):O
P X Z P P ( ? , N T , l ) — P 2 ( 1 , N R , 1 )
Pv :P2C2, N 1 ,2)—F2 (t , NB,?)
P7:P~~ (?,P.T,3)—F2 (l ,N8.3)
I E C N T .E C. N T M A X ) GC TO 125
IF( N B . EC . P . P MA X )G C  T O  120
01:0.

02:0 .
DO *1 9 1:1.3
D 1:f l I . (R2 ( 2 .NT , I)~~~P? ( l. NP+P~~~~DE L , I ) )* 0?

11 9 , 2 :O2 , (P 2( ? . N T , N T O E L , !) P ? ( l . N B . I) ) *0 2
C S E L E C T  S H O R T E S T  DIAGONAL

!F (0).LT .02)CO TC 125
C TOP NODE IS CLOSEST
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120 NT:P41.NTDEL
3 P C 3, P. PT) = V (2 ,  N T )

121 NPT :NPT41
2. NT , 1) —P2(1, NP , 1)

SY:P? (7. NT . 2)—P2( I.NB , 2)
S7:P2 (2.NT .3)—F2(1, NB ,3)
X I RY *SZ—R2*SY
Y1 :PZ*SX—PX.SZ
Z1 :PX.S~v—R Y.SX
A RF A I : (4t1*X1+Yl *l j ,Z I*Z1)
IF( APE A I. NE .O )GO TO 122
NPT :NPT—I
GO TO 1*8

122 IF(IFLAG .EQ .2)GO TO 1211
123 JFL AG :*

GO TO 1*8
1244 AN GT: (XIaX2. yj. Y � $7 1 *72 )/SQPT(A REA I *APE A 2 )

IF(AP. GT.LT .,iA NG )GO TO 123
I FL AG:0
I~~(14,NPT—2 )3V C2. P.T)
h’T:NPT— j
GO TO 118

C B OTTO M Nr ’ (~E IS CLOSEST
*25 IF C~~B .E C. I~B M A X ) G O  TO 130

IP (3,NPT) V (1 ,N8)
126 N PT NPT ,j

SX : P2 ( 1 , NR , I ) — F ? ( 1 , N P— P . B D E L , t )
SY :P2 (1 ,P~E, ?) — P2 ( 1 , N€’—N8DE L ,2)
SZ:P2( I ,NE ,3)— P2(1 .‘4B— NBCE L ,3)
X2 :PY.SZ—P Z4SY
Y2:P7.SX—PX.SZ
7?;~~)*SV— RYaSX
A R~ A 2 : (X PeX ?+y 2 *’f2 ,72 *22)
T F (A$~E A 2 .NF .O .)GC TO 127
N PT :NPT—1
GO TO 1 1 8

1?? I~~(IFLAG.E0.1)GO TO 129
128 IFLAG :2

GO TO *18
*29 ANCT:(X 1*X? ,yIaY2,71*Z2 )/SCRT(AREA1*AREA2)

IF (AN G T .LT.W AN G )GO TO 128
IP (L1 ,’PT—2) :IPC I, P4 PT— I )
IP(3 ,NP T~ 2):IP(3,N P T— 1)
NP T *NPT —1
IFLAG :0
GO TO 118

$30 IF(T , iC .EC.’A’.AND. .NOT.PE )CO TO 137
C PA INT N(.. DIAG ON A LS

1F (.P~OT .TE KT )GC TO 134
131 DO 132 I:NPT2,NPT

C A L L  “O VEUP (I ,I) ,0,0)
132 CA LL OQ AW C !P(2,I) ,0 .O)

!Ft1.IEW .EO.1 )CO TO 134
IYT :Q*IYT2 ,39
IYP :35*IYT2/39

- 
DO 13~ I*NPT2 .P~PT

- 
- 1X:S F* (P(1~~(1.I),1) XPAR),634 ~3r.

CA LL H VTO( 7X ,IYB)
IX : S F A C P( I P (2 , 1 ) , I ) — X B A R ) $ 6 3 4

r

V 
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*33 C ALL VCT O C IX ,IYT )
)31$ NLINE:NLINE— *0O

CA LL MVT O (0 , NLIP4E)
CA LL AL NOD E
T YPE 135

135 F O R MA T C I  C NA NGES? ’ ,S)
ACCEPT 13b, A N S
149A MR = I RUE
IF(N L IP 4 E .L T . 200 ) C0 TO 53

136 F C 4 P H A T ( A 1 )
1F ( A P . 5 .EO .’y ’ ) G O  TO 138
IF (TR I.EG. ’A’ )GO TO 137
IF (NTMAX .E0.NVC?).AND .NBHAX .EO.t V C I  ) )GO 10 137
GO TO 94$

138 NTP’*XSNTNT
N 3M A X  :NBMT
PI P T :WP T ?
IF (TR I .E(~. ‘A ’ )CRAWF :.FALSE .
!F(TRIC. NE.’A’)GO TO 53
PEN:.TRUE .
T Y P E  139

)39 FORMAT (’ CHANGE CONNECIIVITY ? ‘.3)
ACCEPT 136,ANS
1c (AkS .NE .’Y ’ )GO TO 53

C RESTO RE PARA M ETERS BEFORE R E T U R N ING
137 YeAR:YBART

XBA P:XBA PT
1Y02a0
SF*SFT
RETURN
END

SUB ROUTINE BOX
CALL CL44O A
CALL MVTD(240,779)
CALL VCTC(1O�3,779)
C ALL VCIO (1023,0)
CALL VCTC (2114$,0)
CALL VCIOC2U4,779)
RETU RN
END
SU B ROUTI NE CP0!S( I, IS!ZE)
COMHCK/ TEK/XR A R ,YBA $~,SF ,P(20O0, 3). !YD2
CALL HOVE(I , ISI7E,O)
C ALL D PAW( I ,ISIZE ,0)
CA LL M O VF (1 ,0,!SIZE)
C ALL D PAW (I ,0, .ISIZE )
C ALL M OVFCI ,0,0)
RETURN
END
sueRouT iNE H OV E ( I , T X D , I Y D )
COMH O N / T F ’ C / X B A R ,Y R A R ,SF .P(2000 ,3) ,  IYD?
T::SF~~CP (1,1)— YBA P).6344 ,IXD
IY :SF *(p C1,2)—YBA R ).390+TYD 4IYD2
C A LL NV TO (IX ,IY )
RETURN
END
SUB RCW T !NE ()PAP(1.TYD, IY (4)
CONP ’OP’/IE K /XB AR .YBAR ,SF ,P (2000 ,3 ), IVO ? 

~~~~~~~~ 
//
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IX: S F . ( P ( I , 1  )— ~~R A P ) , 6 3 4 s I X D
Iy = s F* c p ( 1 , 2 ) .Y BA W ) . 3 9 0 . I Y D . Iy D 2
C ALL VCTOC IX ,IY )
RETURN
END

“J
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APPENDIX B
USER DOCUMENTAT I ON

Throughtout this documentation , cues ty ped by the computer

are t iderli ned . The program commences by asking :

B R A I N  DATA?

User r ep l i e s  “yes”, or “ro” ( b r a i n  da ta is ha ndled s l i gh t ly

d ifferently than user generated data). Next , the progra m reques ts

FILE NAM E OF INPUT DATA?

Whereupon the user types the file name. The brain data files

are called Bn.DAT where n is an integer from I to 22. Now the

program requests a command by giving the prompt:

READ>

This prompt ~is so named because i t is here tha t para me ters

are set prepa ratory to reading the data files. READ> responds to the

fo l lowing commands , of wh ich only the first letter is requ i red .

PARAMETERS - Change node el imination parameters S . , Sm m maxand 0m m
TOTALS - Causes the current number of nodes and panels

to be output on the terminal.

SCALE - Enables change of scale fattor. Default is
.0001 for brain da ta and I for non—brain data .

CLOSE - Computer responds , CLOSE ALL LOOPS? If yes ,
every contour line will be treated as a closed
loop. Otherwi se, onl y con tou r l i nes whose
firs t and last nodes agree will be considered
closed . Default is “yes”,

DEVICE — Computer responds: TEKTRONIX SCOPE? “Yes”
enables graphical output. “No” p r o h i b i ts i t .
Defa ult is “yes”.

CLOCKWISE — Computer responds: CLOCKW ISE ORDERIN G? “Yes”
forces all loops to run Clockwise. “No” forces
counterclockwise ordering. Default is “yes”.
Clockwise loops result in counterclockwise

73
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d e f i n i t i o n  of v i s i b l e  panels. This understand-
ing is useful in us i ng the Poor Man ’s h idd en
surface el imination in MOVIE.BYU .

EXIT - Exits from the program.

LEVEL - Since there are no convenient default values
for the parameters set by the LEVEL command ,
this is the command which actually initiates
the read ing of the disk f ile - after the
following two questions are answered:
Z SPAC I NG= . User responds wi th a rm i nteger “n”
which ind i cates that every “nth” con tou r level
is to be read i n from disk. The computer
then asks: LEVEL RANGE:.The user enters two
in tegers , j  and k. Thereupon , the a l g o r i t h m
procedes to read every nt h contour l evel
f rom j  to k i nc l u s i v e, impos i ng th e node
e l i m i n a t i o n  parameters. When array P has been
load ed , ready for triangulat ion , the program
issues the BRANCH> prompt.

BRANCH - Proceeds to the BRANCH> prompt without reading
f ro m d i s k .

MANUAL - Same as LEVEL , except loops from the brain data
can be constructed interactively from their
constituent segments. This command is never
needed except in cases where closed and non-
c los ed contour l i nes coi ncide on the same level.

The commands of PARAMETERS , TOTALS , SCALE , KLOC K W I SE , CLOSE ,

and DEVICE return to the READ> prompt . LEVEL , BRANCH and MANUAL

proceed to the next prompt :

BRANCH>

BRANCH> responds to the following commands .

TOTALS - Same as above.

EXIT - Same as above.

AUTOMATIC - Computer responds
START WITH W H I C H  LEVEL?
User responds w i th  an Integer , n.
The computer asks ,
POST-ED IT?
User respo nds “yes” or “no”, the consequence of
which will be explained momentarily. The 

.,~~~ ~~~~~~~
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branchin g algorithm is now i nvoked which
determines c nnec t i v i ty  on the basis of

wi ndow over~ap. Branching and triangulation
are also handled automatically , If POST-
EDITing was refused , the entire data file
is thu s triangulated - w i t h  no ga u r a n t e e s .

If POST—EDiTing was requested , each triangu-
la ted contour pa i r  is  d i sp l ayed  for ap prova l
as the computer asks,
CHANGES?
Two t h i n g s  may be i n erro r - th e triangulation
itself , or the cho i ce of loops i nvolved in
branch i ng . i f  either of these errors
necessitate change , answer “yes”. The
computer then asks ,
CHANGE CONNECTIVITY?
If the branching was at fault , answer “yes”.
This has the effect of changing from
AUTOMATIC to MANUAL mode, and the user Is
free to manually control the branching. If
only the trian g ulation was bad , answer “no”.
This moves the program counter to the
TR I ANGULATE> prompt , so the user can gu id e
triangulation manual l y.
if no changes at all are needed , a carriage
return pronounces acceptance and the algori thm
procedes to the next contour pair.

WARP - Comput er responds
MAX. WARP ANGLE:
Here the user sets the Maximum Warp Angle
describ ed in chapter 5. Default is ‘,5 degrees.

INSPECT — Computer responds
START WITH W H I C H  LEVEL?
After which the user responds with an integer ,
n. The tektronix scope then displays the
contour line(s) of l evel n , labell ed with
global loop numbers. A carri age return will
cause level n-fl to be displayed; a “control-Z”
(end of data) returns contro l to BRANCH> .

MANUAL - Again , the computer asks,
START WITH W H I C H  LEVEL?
The user responds with an integer ,n. This
ini tiates branching and triangulation . Each
p a i r  of ne i ghbo ring contour l evels is consi-

dered respectively ranging from n to the last
leve l read in. All contours from the two
relev ant levels are displayed , and identified
by a number followed by T(top) or B(bottom).
The user selects from these loops the ones 
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which belong together for triangulation .
(This need only be used for complex cases of
branching. Normally, the AUTOMATIC command
handles branching adequately.) The computer
asks :
BOTTOM LOOP(S) (LOCAL):
Here , the user enters the loop numbers of a l l
the loo~’s tha t are to par t i c i pa te in t r iangu-
lation , The loop numbers are d e l i m i t e d  by
carriage returns . The series is terminated by
by a double carriage return , after which the
computer asks:
TOP LOOP(S) (LOCAL):
The same procedure is again  fol lowed in input-
ting the top loops. This sequence of loop
numbers is  loaded i nto an a rray ca l l ed
Loopstack , which is passed to SUBROUTINE QUAD
for triangulation . f there are more than one
loop on either top or bottom (i.e. branch i ng)
QUAD d i s p l a y s  a l l  the loops and inquires of the
user how to assemble them into one loop by
aski ng
ENTER LOOP SEQUENCE:
The user now enters the sequence in which the
loops are to be re-constructed (as explained
in chapter 3). If not all loops are intended
to be inc l uded , the sequence may be terminated
wi th a control-Z. Next , the computer asks how
to interconnect the loops by typing: (where
the loop sequence is i , j , k)
L i P ?
Enter the node on loop i to be joined to loop j.
U P ?
Enter the node on loop j  to be joined to loop i.
etc.
When this series of question s is answered , the
routine re-arranges the branching loops into
one loop (as explained in chapter 3), and
proceeds to the final command prompt of
TRIANGULATE >, Commands for tha t prompt are
disc ussed later.

SINGLE - This command performs a function s i m i l a r  to
tha t of MANUAL . The difference is that
globa l l oop numbers are used instead of local.
This enables ~~~ loop(s) to be defined as top
or bottom . The SINGLE command I s used only
in irregular situations Involving concent r i c
loops. Execution procedes as In MANUAL .

CAP - CAP invokes an algorithm to form a pyramida l
cap on a süeclfied loop. The cc’~puter asks :

_ _ _ _ _ _  
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GLOBA L LOOP NUMBER:
To find out wha t the globa l loop number is
(in case the user doesn ’t know) use the INSPECT
command. This should be done prior to
invoking the CAP command .

WARP , CAP , INSPECT , and TOTALS return to the BRANCH> prompt.

AUTOMATIC returns to the READ> prompt after triangulating all avà i-

lable contours.

The final prompt , TRIANGULATE> , is only encountered during the

BRANCH command , or possibly during the AUTOMAT I C/POST-EDIT command

(if tria ngulation is faulty).

TRIANGULATE> responds to these comands:

AUTOMATIC - Same as the AUTOMATIC command in the BRANCH>
menu.

DEN SI TY - As d e f a u l t , the prog ram labels every other node
for iden t i f i c a t i o n. If this label l ing is too
dense to dec i pher (or too sparce) , the
DENS I TY command prov ides help.
The com pu ter asks ,
I ND3= , where IND 3 is the 3rd DO LOOP
parameter in the labelling loop.

TOTALS - Same as before.

PART - The MOV IE.BYU graph i cs package enables panels
to be grouped together as parts . Each part
can then be addressed seperately with its
own set of display parameters. Here, the
PART command funnels all succeed i ng panels into
a specified part number . The computer asks:
CHANGE PART FROM n TO
where n is the currently assigned part number.

Ini tial part use must proceed in numeric order.

That is , par t 2 must be used before par t 3,
etc. However , once used , there is no restric-

t ion on f ut ure use , i.e. the part number could
be changed from 5 to 2, for example. The
al gorithm safegaurds these rules , and notifies
the user of viola tions .

UNMAP - Sets a flag tha t causes the mapp ing algorithm
to be bypassed , so contours are considered in
th e i r  i n i t i a l  orientation for triangulation . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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MAP - Opposite of UNMAP , Defaul t is MAP .

ONE - Permits the user to manually d e f i n e a s in g l e
panel from any 3 (or 1~) nodes from the contour
pa ir.

INTERACTIVE - Permits interactive guidance of the triangula-
t ion by requesting limits for both loops between
wh ich to triangulate. The computer types
TOP: n-rn
where n is the last node to be triangulated
and m is the number of nodes on the top contour.
(n and m are merely stated for clarity) . The
user responds with two integers del imited by a
comma. The first del imiter is generally n ,
and the second Is always < r n ,  D elimiters are

also requested for the bottom loop. Triangula-
tion occurs within the prescribed limits and
is displayed for approval. If approva l is
denied , only the newest panels are erased , and
the user is invited to try again. A control-Z
returns con t ro l to TRIANGULATE> .

ERASE - Erases afl panels from the present pair of
contours.

RENUMBER — Triangulation is facilitated if node 1 on the
top loop neig hbors node 1 on the bottom loop .
RENUMBER enables this by asking
NEW # 1 NODE
(TOP CONTOUR)
The re numbe m~~d con tours ar e the n d i s p l a y ed.
This renumbering must occur before any triangu-
latio n. AUTOMATIC automatically renumbers
bef ore t r iangulat ing.

CONTINUE - Returns contro l to the main program. 
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MOVI E. B Y U Mai l ing  List

Department of the Air Force ~ Professor D. 14. Murray
Air Force Wri g ht Aeronautical Lab. Department of Civil Engineering
Air Force Flig ht Dynamics Lab. The University of Al berta
Wright-Patterson Air Force Base , Edmonton, Al berta
Ohio 45433 CANADA T6G 2G7
ATTN : FBRA(Mr. 1. Bernier/
513-255-5689) * Mr. Mark F. Nel son

Engineering Mechanics Dept.
4 Ms. Betty Cuthill Research Laboratories

Department of the Navy General Motors Corporation
Naval Ship Research and Dev. Ctr. General Motors Technical Ctr.
Bethesda , MD 20034 warren, ML 48090

.
~~ Prof. Dwight T. Davy 

* 
Dr. C. J. Parekh

Department of Engineering Mech . Engineering Mech. Research Corp.
The University of Nebraska/Lincoln Green—Lincoln Office Plaza
Lincoln , NB 68588 25900 Greenfield Road

Suite 305
Mr. Howard Eagle Oak Park, MI 48237
Advanced Struc. Anal. Rrn. 2054—CCF#9
General Electric Company Mr. R. A. Ridha
P. 0. Box 7560 The Firestone Tire and Rubber Co.
Philadelphia, PA 19101 1200 Firestone Parkway

Akron, OH 44317
~ Professor Larry J. Feeser

Dept. of Civil Engineering 
~~
. iir. R. B. Smith

Rensselaer Polytechnica Inst. Bettis Atomic Power Laboratory
Troy, NY 12181 Westinghouse Electric Corporation

Box 79
* 

Mr. Norman L. Firk~ns West M i f f l i n , PA 15122
Gibbs and Hill , INc .
8420 West Dodge Road .~~ 

Professor Ronald Stearman
Omaha , NB 68114 Dept. of Aerospace Engineering

and Engineering t4ech.
~ Professor tlovses J. Kaidjian The University of Texas

Department of Civil Engineering Austin , TX 78712
The University of Michigan
Ann Arbor, MI 48104 

~ 
Dr. Eric J. Stevens
Electromechanical Sys. Eng..* Mr. R. E. Love Mass. Inst. of Tech.

Data Processing Lincoln Laboratory
Bechtel International Corp. Lexington , Mass. 02173
P. 0. Box 3965
San Franc isco , CA 94119 

~f r 
Prof. Them Wah
Civil and Mech. Engineering
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